



BAHIR DAR UNIVERSITY 





INVESTGATION OF POTENTIALS AND CHALLNEGS OF SMALL-
SCALE IRRIGATION IN THE HIGHLANDS OF ETHIOPIA: 
 THE CASE OF ABAGERIMA WATERSHED, LAKE TANA SUB-BASIN, 
ETHIOPIA 
 
M.Sc Thesis  
By 
Banchiamlak Kassawmar Nigussie 
 
 
Department: Natural Resource Management 
Program: Land Resource Management 
Main Advisor: Solomon Addisu (PhD) 
Co-Advisors:  Asnake Mekuriaw (PhD) 
Co-Advisors: Amare Haileslassie (PhD) 
September, 2017 







BAHIR DAR UNIVERSITY 





ASSESSMENT OF POTENTIALS AND CHALLNEGS OF SMALL-SCALE 
IRRIGATION: 
 THE CASE OF ABAGERIMA WATERSHED, LAKE TANA SUB-BASIN, 
ETHIOPIA 
 
MSc. Thesis  
By 
Banchiamlak Kassawmar Nigussie 
 
Submitted in Partial Fulfillment of the Requirements for the Degree of Master 
of Science (MSc.) in Land Resource Management 
 
Department: Natural Resource Management 
Program: Land Resource Management 
Main Advisor: Solomon Addisu (PhD) 
Co-Advisors:  Asnake Mekuriaw (PhD) 
Co-Advisors: Amare Haileslassie (PhD) 
September, 2017 
Bahir Dar, Ethiopia 
iii 
 
THESIS APPROVAL SHEET 
 
As member of the Board of Examiners of the Master of Sciences (M.Sc) thesis open defense 
examination, we have read and evaluated this thesis prepared by Mrs. Banchiamlak Kassawmar 
Nigussie entitled “Assessment of Potentials and Challnegs of Small-Scale Irrigation: The Case of 
Abagerima Watershed, Lake Tana Sub-Basin, Ethiopia”. We hereby certify that, the thesis is 
accepted for fulfilling the requirements for the award of the degree of Mster of Science (M.Sc) in 
Land Resources Management. 
 
Board of Examiners 
__________________________   _______  _________ 
Name of the Examiner   Signature  Date 
 
__________________________   _______  _________ 
Name of the Examiner   Signature  Date 
 
__________________________   _______  _________ 








This is to certify that this thesis entitled “Assessment of Potentials and Challnegs of Small-Scale 
Irrigation: The Case of Abagerima Watershed, Lake Tana Sub-Basin, Ethiopia” submitted in 
partial fulfillment of the requirements for the award of the degree of Master of Science in “Land 
Resources Management” to the Graduate Program of College of Agriculture and Environmental 
Sciences, Bahir Dar University by Mrs. Banchiamlak Kassawmar Nigussie  (ID. No. BDU 
0602087) is an authentic work carried out by her under our guidance. The matter embodied in this 
project work has not been submitted earlier for award of any degree or diploma to the best of our 
knowledge and belief. 
 
Name of the Student  
_______________________ Signature & date ___________________________ 
Name of the Supervisors  
1) _____________________________(Major Supervisor) Signature & date_______________ 
 2) _____________________________Co-Supervisor) Signature & date__________________ 






First and foremost, I thank the Almighty God for everything He did in my life. I would like to 
express thanks to my advisors Dr. Solomon Addissu, Dr. Asnake Mekuriaw, and Dr. Amare 
Haileslassie, for their unreserved support. I would also like to acknowledge my office (Amhara 
National Regional State Bureau of Agriculture) for giving me this opportunity.  
I am also happy to forward my acknowledgement to the International Water Management Institute 
(IWMI), International Livestock Research Institute (ILRI), and Livestock and Irrigation Value 
Chains for Ethiopian Smallholder (LIVES-Ethiopia) for their financial and technical supports for 
the success of the research.  
My appreciation goes to the Water and Land Resource Centre (WLRC), and the National 
Meteorology Agency for sharing me watershed hydro meteorological data. Finally, my thanks 
extend to my family, especially to my beloved husband and to my brother, who helped me a lot. 
TABLE OF CONTENTS 
ACKNOWLEDGMENT ............................................................................................................................ v 
LIST OF TABLES ..................................................................................................................................... iv 
LIST OF ABBREVIATIONS ................................................................................................................... vi 
ABSTRACT: ............................................................................................................................................. vii 
1. INTRODUCTION ............................................................................................................................... 1 
1.1 Background ................................................................................................................................... 1 
1.2 Problem Statement ........................................................................................................................ 2 
1.3 Objective ....................................................................................................................................... 3 
1.3.1 General Objective ......................................................................................................................... 3 
1.3.2 Specific Objectives: ...................................................................................................................... 3 
1.4 Research Questions ....................................................................................................................... 4 
2. LITERATURE REVIEW................................................................................................................... 5 
2.1 Small-scale irrigation Suitability in Ethiopian Highlands ............................................................ 5 
2.2 Application of RS and GIS in irrigable land suitability analysis .................................................. 7 
2.3 Spatial analysis ............................................................................................................................. 9 
3. MATERIALS AND METHODS ..................................................................................................... 11 
3.1 Study Area Description .............................................................................................................. 11 
3.1.1 Location ...................................................................................................................................... 11 
3.1.2 Socio-economic characteristics .................................................................................................. 12 
3.2 Data Collection and Analysis Techniques .................................................................................. 13 
3.2.1 Biophysical aspect ...................................................................................................................... 14 
3.2.1.1 Understanding existing irrigation practices ................................................................................ 14 
3.2.1.2 Future irrigation potential assessment ........................................................................................ 14 
3.2.2 Suitability assessment ................................................................................................................. 14 
3.2.3 Potential assessment ................................................................................................................... 19 
ii 
 
3.2.3.1 Crop Water Requirement (Etc) and Irrigation Efficiency .......................................................... 19 
3.2.3.2 Water Resource Potential ........................................................................................................... 21 
3.2.4 Socio-economic aspect ............................................................................................................... 23 
4. RESULTS .......................................................................................................................................... 26 
4.1 Current Irrigation Practice in Abagerima Watershed ................................................................. 26 
4.1.1 Irrigation potential suitability analysis ....................................................................................... 27 
i. Topography ................................................................................................................................. 27 
ii. Land use and land cover ............................................................................................................. 28 
4.1.2 Crop Type and Cropping Practice .............................................................................................. 29 
4.1.3 The sources of water, means of transport and application for irrigation in the Abagerima 
Watershed ............................................................................................................................................... 32 
4.1.4 Challenges  in relation to the uneven distribution of water resources ........................................ 36 
4.1.5 Irrigation Potential Assessment .................................................................................................. 38 
4.1.5.1 Landscape Suitability based irrigation potential assessment ...................................................... 38 
4.1.5.2 Irrigation potential based on water Resources ............................................................................ 46 
4.1.5.3 Irrigation water Demand assessment .......................................................................................... 46 
4.1.6 Irrigation water Potential Assessment ........................................................................................ 48 
4.2 Challenges and Gap Analysis to Increase the Efficiency of Irrigation Practice ......................... 50 
4.2.1 Area utilization gap .................................................................................................................... 50 
4.2.2 Water utilization gap .................................................................................................................. 51 
4.2.2.1 Ground water exploration and extraction ................................................................................... 52 
4.2.2.2 Inefficiency in the transportation of water .................................................................................. 53 
4.2.2.3 Inefficiency in the application of water ...................................................................................... 53 
5. DISCUSSIONS .................................................................................................................................. 55 
6. CONCLUSION AND RECOMMENDATIONS ............................................................................ 59 
6.1 Conclusions ................................................................................................................................ 59 
iii 
 
6.2 Recommendations ...................................................................................................................... 60 





LIST OF TABLES 
Table 1: Reclassified Layers ....................................................................................................................... 17 
Table 2: Weight of influence for determinant factors ................................................................................. 18 
Table 3: Slope in percent ............................................................................................................................ 28 
Table 4: Land use ........................................................................................................................................ 29 
Table 5: Major Rain fed and Irrigated Crops Average land coverage and annual HH income in Abagerima 
Watershed ................................................................................................................................................... 30 
Table 6: Farmers reason for not irrigating their land .................................................................................. 36 
Table 7: Reasons for water shortage in the watershed by the farmer’s perception. .................................... 37 
Table 8: Biophysical suitability based irrigation potential assessment result of Abagerima Watershed .... 41 
Table 9: Suitable and non-suitable area of the watershed ........................................................................... 46 
Table 10: Existing Major Irrigated crops land coverage and crop coefficient estimation for the Abagerima 
Watershed ................................................................................................................................................... 47 
Table 11: Crop Water Requirement for the Abagerima Watershed ............................................................ 47 
Table 12: Water Resource Potential and the extent of utilization ............................................................... 48 





LIST OF FIGURES 
Figure 1: Location map of the study area ................................................................................................... 12 
Figure 2: Conceptual framework developed for the Assessment ................................................................ 25 
Figure 3: Watershed topography ................................................................................................................. 27 
Figure 4: New chat farm expansion near to the river course ...................................................................... 31 
Figure 5: Irrigated inter cropping practice in Abagerima Watershed ......................................................... 32 
Figure 6: Irrigation Water Sources and water conveyance systems in Abagerima Watershed ................... 34 
Figure 7: Main Sources of Irrigation Water Source for Abagerima Watershed ......................................... 35 
Figure 8: Raw input layers used to make multi-criteria evaluation (a. River Map, b. Soil Map, c. Land cover 
map, d. Slope Map) ..................................................................................................................................... 40 
Figure 9: Reclassified input layers used to make multi-criteria evaluation (Slope, River, Soil, and Land 
cover map) .................................................................................................................................................. 42 
Figure 10: Land suitability based irrigation potential assessment result .................................................... 45 
Figure 11: Rainfall and crop water requirement variation throughout the year. ......................................... 48 
Figure 12: (a) Currently irrigated landscapes in the Abagerima watershed, (b) Spatial distribution of shallow 





LIST OF ABBREVIATIONS 
 
ETo   Reference crop evapotranspiration 
ETc   Crop evapotranspiration 
FAO   Food and Agriculture Organization of the United Nation 
FGD    Focused Group Discussion  
GPS   Global Position System  
GIS   Geographic Information System 
ILRI                International Livestock Research Institute 
IWMI   International Water Management Institute 
Kc    Crop coefficient 
MCDR  Multi-criteria decision rule  
MODIS Moderate Resolution Imaging Spectrometer 
RS   Remote Sense 







This study was conducted in Abagerima watershed, Lake Tana sub basin in 2016/2017. The 
objective of the study was to assess the level of suitability and potential of the watershed for small 
scale irrigation using integrated approach that includes Remote Sensing (RS), Geographic 
Information System (GIS), ground survey and socio-economic survey. Land evaluation assessment 
was performed based on the FAO land evaluation techniques employing multi-criteria decision 
rule (MCDR) that integrates major determinant factors to practice irrigation at smallholder scale. 
As the watershed is small in size, only few determinant factors; such as, slope, land use, soil type 
and water (accessibility and availability) were considered and for each factor, raster based spatial 
data was produced. The relative landscape suitability of the watershed was characterized as, 
highly suitable (rank 1), moderately suitable (rank 2), marginally suitable (rank 3) and unsuitable 
(rank 4). A cumulative suitability rank was determined using ArcGIS10.2 software. Finally, a 
suitability map was produced using ArcGIS10.2. According to the landscape suitability result, 
about 20% of the watershed can be used for irrigation. From water availability point of view, the 
total water potential to be used for irrigation development was considered to be 15% of the annual 
rainfall. The result showed that, only 2% of the watershed is currently irrigated. This implies that, 
about 20% of the watershed that can potentially be irrigated is not yet exploited and need to be 
further developed. The major challenges that hinder irrigation development in the watershed 
includes; land degradation, fragmentation and un-fair land distribution, ownership, technology, 
and uneven land and water resources distribution over the watershed. Problems are identified 
both from the spatial data analysis and feedbacks from the community. Based on the landscape 
potential, water availability and crop water requirement assessment, the Abagerima watershed 
community can increase the currently irrigated area from 2% to 20% by introducing better water 
resource utilization and exploring more water sources. 
Key words; Chat; Lake Tana –sub-basin; Small – scale irrigation; Irrigation suitability; Land 




It is believed that Ethiopia has a large potential of water and land resources that could be developed 
for irrigation, which can contribute to sustain food security. The country has 12 river basins with 
annual runoff volume of 122 billion m3of surface water and 2.6 – 6.5 billion m3 of groundwater 
potential (Awulachew et al., 2007).  However, the country continued to be food insecure and 
unable to irrigate over 5%(1850 km2) of the potential irrigable area(Awulachew et al., 2007, 
Makombe et al., 2007, Wale et al., 2009).While the Ethiopian highlands are contributing more 
than 80% flow to Nile River, only a tiny portion of the Nile water is being used in Ethiopia for 
irrigation (Wale et al., 2009). The Government of Ethiopia is committed to solve this paradox 
through an agriculture-led development strategy that includes irrigation development. Besides the 
expansion of large scale irrigation developments, small-scale and household level irrigation 
developments are main focus of the country’s food security and development strategies. Small-
scale and household level irrigation developments showed significant impact on livelihoods of 
Ethiopian rural communities (Awulachew et al., 2007, Hanjra et al., 2009, Zeleke, 2014). 
Most of the existing small-scale irrigation developments in the Lake Tana sub-basin are dependent 
on the base flow of rivers which could only address limited areas adjacent to river courses. For 
example, Wale et al. (2013)found that less than 3% of the potential irrigable area of Tana sub-
basin could be irrigated consistently by the base flow of the river-systems. The base flow is 
drastically decreasing because of the increasing irrigation use and natural resource degradation in 
Lake Tana sub-basin (Enku et al., 2014).Thus, besides the conventional base flow, other water 
sources including ground water potential and runoff storage mechanisms should be explored to 
address the issue of underutilization of the irrigation potential on different parts of the country. In 
Lake Tana sub-basin, during the dry seasons, farmers used hand dug wells at household level and 
develop groundwater for irrigation on a very limited farm lands(Tadesse et al., 2011). Similar 
study conducted in Tigray region showed that, watershed development   improved ground water 
which is mainly used for irrigation and domestic water supply (Zeleke, 2014). Farmers dug shallow 
wells at the foot slope areas of many watersheds and use it for small-scale irrigation.A similar 
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change in water resource improvement is being observed in Abagerima watershed following 
intensive watershed management implemented by Water and Land Resource Centre (WLRC). 
Accessibility to groundwater sources varies as a function of water availability, and workability of 
the wells to dig manually, the landscape, population settlement, land use, and landownership. The 
extent of area to be developed by the shallow hand dug wells would vary accordingly. In general, 
base flow based irrigation potential of an area is a function of the water potential, water abstraction 
technology, irrigation method, landscape and landownership criteria and water management 
system. To optimize the use of the whole land water resource; comprehensive, reliable and timely 
information on the agricultural resources is vital(Wale et al., 2009). The aim of this study is to 
assess the irrigation potential and the challenges of small scale irrigation at watershed scale taking 
in to account both water and land resources, landscape, settlement, socio-economic and existing 
irrigation practices. 
1.2 Problem Statement 
Irrigation agriculture is one of the fundamental strategies for food security and improving 
livelihood of the people. In Ethiopia it has become critically important for people residing in 
densely populated and intensively cultivated highland parts of the country. Resulting due to a sever 
land degradation, human population growth, and awareness created on irrigation developments, in 
Ethiopia, it has been evidenced that people started intensifying agriculture through small-scale 
irrigation. For example, in Abagerima Watershed; irrigation practice has been intensified 
following land productivity decline and land shortage. Thus, farmers have started using small-
scale irrigation development to support the risky rain fed grain production system by planting 
different cash crops during dry seasons. Nevertheless, such kind of irrigation developments could 
not equally address food security of all people who have the right to use the common resources in 
a defined landscape unless an equity and equal share of the resource is ensured. In fact, different 
farmers could have different perceptions, experiences, and challenges and opportunities related to 
the development of irrigation. It all depends on location, availability of water sources, initial 
capital, availability of labor, and extension service, governance and policy.   For instance, areas 
which are nearer to the river course or those having better water development spots are 
advantageous to practice irrigation. On the other hand, landless youth who have no land and 
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women headed households who have limited labor force have little opportunity to practice 
irrigation development. It appeared that irrigation development practices are dominated by the 
better off people. 
In general, the irrigation potential of the area is being exploited in a haphazard way. Thus, 
implementing scientifically planned irrigation development could allow capitalizing the irrigation 
potential of the area and addressing challenges of irrigation development and enhance 
sustainability. This could be done by considering the landscape feature, water and land resource 
distribution and potentials and all changes of small irrigation development Knowledge an 
dinforamtion on the irrigation potential (the  available water, land and labor resources for irrigation 
development), opportunities to use the resource and the related challenges on fair utilization of the 
resource are still major research areas at a local scale. In this regard, assessing, the opportunities, 
potentials and challenges of small-scale irrigation development remain one of the research area in 
the Ehiopian hihlands. Therfore, this study is conducted to address the following research gaps; i) 
to waht level the smallholder farmers can implement irrigaiton in thier plot? ii)the landscape 
suitbaility of the watershed and water availability int he watershed? Iii) the challenegs and 
opportunities of the farmers to implment irrigaiton?  
 
1.3 Objective 
1.3.1 General Objective 
The general objective of the study is to assess the level of suitability and potential of Abagerima 
watershed for small scale irrigation. 
1.3.2 Specific Objectives: 
• To assess the suitability of Abagerima watershed for small-scale irrigation development. 
• To identify the challenges and opportunities for small-scale irrigation development on the 
study site. 
• To assess the status of irrigation practice in the watershed 
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• To suggest mechanisms to tackle the challenges and boost the opportunities to practice 
irrigation in the watershed 
 
1.4 Research Questions 
In general, the following research questions will be answered at the end of the research work: 
• What is the extent of suitability of Abagerima watershed for small- scale irrigation?  
• What is the status of irrigation practice in the watershed?  
• What are the main challenges in irrigation development in the watershed? 
• What are the potential and opportunities for irrigation development in the watershed? 
• Do farmers have local bylaws or regulation supporting equitable use and access to 
resources and how do they address gender issue in exploiting communal property 
resources such as water?  
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2. LITERATURE REVIEW 
2.1 Small-scale irrigation Suitability in Ethiopian Highlands  
Irrigation development is taken as one of the strategies to tackle food security problem of the 
country. The government of Ethiopia aimed to cover 4.1 Million ha of land by irrigation by the 
year 2020 (National Planning Commission., 2016).Of which, the majority is planned to be covered 
by using small scale and household irrigation. Small-scale irrigation schemes could be classified 
into traditional schemes and modern small-scale irrigation schemes (Werfring et al., 2004, Agide 
et al., 2016, Haileslassie et al., 2016a). When the irrigation scheme is implemented using modern 
technologies and the water application system is advanced, the scheme is called modern irrigation 
scheme, whereas, irrigation developed by traditionally diverted water from rivers, hand dug well 
and springs is classified as traditional irrigation. 
Though it is not well developed and up-scaled as expected, traditional irrigation has long history 
in some parts of the country. Farmers mainly practice traditional irrigation by diverting river base 
flow to their farms, and tapping water from shallow hand dug wells. The traditional way of 
irrigation development has a lot of challenges, starting from selecting appropriate site to the 
technologies they are using to divert and convey water to their plots. Beyond the technical skill 
gaps, problems in relation to social and legal aspects needs research based investigation.  
Most of the existing small-scale irrigation developments in the Lake Tana sub-basin are dependent 
upon the dry season flow of rivers which could only address limited areas near by the river courses. 
As mentioned earlier, less than 3% of the potential irrigable area could be irrigated consistently by 
the surface runoff of the river-systems (Wale et al. 2013).  
Large scale irrigation schemes and related technologies are relatively well known and the 
government is working focusing on these potential areas especially for large scale schemes. Some 
type of small-scale irrigation, especially micro irrigations, is still relatively new in Ethiopia. Yet 
they have the potential to enable supplementary irrigation for millions of people and to achieve 
household food security through home garden micro irrigation and modest wealth for emerging 
commercial farmers. Since small-scale technologies are also effective in expanding the source of 
water for domestic use and home gardens, they are, therefore, key to empower women(Awulachew 
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et al., 2007, Haileslassie et al., 2016b). These small-scale and household level irrigation schemes 
could be implemented using water from river flows, ground water and rainwater harvesting 
systems. 
Though small-scale and household level irrigation schemes are paramount important for poverty 
alleviation and sustaining food security, there are still problems in relation to site selection, water 
management, equity, gender and policy issues at large (Wale et al., 2013). To address such 
problems, relevant research work, and participatory implementation of household and communal 
water and land resources productive uses, evaluation of the existing by-laws and legal frameworks 
as well as development of new legal frameworks and bylaws could be considered. In fact, in some 
areas, farmers are establishing local committee that governs the distribution of water through their 
local bylaws. Nevertheless, there is a frequent override of these bylaws and create conflict among 
the larger user groups. Technical guidance is also required to estimate the potential sites for 
irrigation development by taking in to account the main factors that determine the irrigation 
development of the watershed. 
In assessing the challenges and opportunities of small-scale household irrigation in a watershed, 
comprehensive assessment of all of governing factors is important to get optimized, 
comprehensive, reliable and timely information on the area. Wale et al. (2013) considered soil, 
land use, river proximity, market outlet, rainfall and landscape parameters to identify potential 
areas suitable for irrigation in Tana sub – basin. Similarly, Rabia et al (2013) calculated the land 
suitability index for irrigation by taking the weighted average of seven factors, which are; slope, 
surface stoniness, drainage, soil texture, soil depth, calcium carbonate (CACO3)and 
salinity/Alkalinity status. 
In relation to assessing the potential of land for irrigation, land and water resource and landscape 
suitability are the most important factors that determine areas fitness to irrigation development. 
When we talk about suitability, it is both quality and quantity of the resources(Ayers and Westcot, 
1985). The land suitability evaluation involves the execution and interpretation of basic surveys of 
climate, soils, vegetation and other aspects of land in terms of the requirements of alternative forms 
of land use (FAO, 1976). 
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Likewise, Makombe et al. (2007) assessed the relationship between technical efficiency and 
socioeconomic variables in both rain fed and household based irrigation in some part of Ethiopia. 
The socioeconomic variables considered in the study were; age of the household head, education 
level, gender, crop area size and extension services. The study indicated that the lion share of the 
irrigated farm was owned by male headed households. Aged farmers are found more productive 
on rain fed system while young are more efficient in irrigated schemes which indicates the strong 
relation of lifelong experience on rain fed system and more technical skill to adopt new technology 
and exert more labor is the source of success for the young farmers.   
Contrary to the opportunities of small-scale irrigation developments explained above, there are 
various biophysical, socio-economic and political constraints. In a complex and rugged terrain of 
Ethiopia, topography is one of the major constraints to practice irrigation. Besides, the very uneven 
distribution of rainfall in particular and water in general makes majority of the Ethiopian highland 
landscape unsuitable for irrigation. From socio-economic perspective, landlessness, lack of 
sufficient land, tenure system, and enabling policy to share water are some of the challenges that 
farmers are facing(Wale, et al. 2013). Often, farmers lack adequate startup capital specially to buy 
water pumping equipment. Moreover, using the furrow system also complained of high labor 
requirement and there is stiff competition for the limited lands around the major perennial streams 
in the area. The majorities of farmers are illiterate and lack basic knowledge of water requirement, 
irrigation scheduling, and skills in maintaining and operating the pumps. Thus, irrigation 
technology requires sufficient technical support. This affects the yield of crops as the crops are 
either over- or under-irrigated, leading to wastage of the little available water. Moreover, erosion 
is an other serious problem, especially during the rainy season, which resulted in low productivity 
of the land.  
2.2 Application of RS and GIS in irrigable land suitability analysis 
The integrated application of the Geographic Information System (GIS) and the Multi – Criteria  
Evaluation (MCE)helps land-use planners to improve decision-making processes(Malczewski, 
1999, Mustafa et al., 2011). GIS based MCE tool found to be a promising tool to identify the 
suitability/potential and strength and limitation to grow different types ofcrops in different areas 
of the globe (Tienwong et al., 2009; Khoi and Murayama, 2010).One of the advantages of this tool 
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is possibility of adopting standardized FAO land suitablility assessment framework for soil, crop 
and land use characterization in relation to irrigaiton potential assessment. The second strength of 
the method is data management and analysis with in short time resulting in good precise 
approaches. The third strength could be taken as the application of the method with different 
models, like SWAT and MODIS make GIS and RS widely acceptable and simply adopted. For 
example, these models are used with GIS and RS for irrigation water demand and potential 
assessment (Conrad et al., 2007, Santhi et al., 2005). The limitation with adopting GIS for land 
suitability analysis is commonly related with result. Wrong result could be obtained if proper 
ground verification and appropriate analysis is not done. 
Land suitability, by definition, is the natural capability of a given land to support a defined 
use(FAO, 1999). The process of land suitability classification is the appraisal and grouping of 
specific areas of land in terms of their suitability for a defined use. Suitability is assessed by 
comparison of the land use requirements with the land qualities. Land evaluation provides 
information and recommendations for deciding which crops to grow where. In irrigation 
assessment, the basic factors that determine land suitability are soil, topography, drainage, water 
availability(surface and sub-surface), climate and social factors(FAO, 1999). 
The assessment of soils for irrigation involves consideration of soil drainage, texture, depth, 
salinity, and alkalinity (Fasina et al., 2008). The watershed soil has to be classified according to 
these important characteristics. Topography gradient (slope), which is important for soil formation 
and management because of its influence on runoff, drainage, erosion and choice of irrigation 
types. Slopes which are less than 2% are very suitable for surface irrigation. But slopes, which are 
greater than 8%, are not generally recommended for surface irrigation (FAO, 1999). Whereas, 
about 3-7% slopes are potentially irrigable using various irrigation schemes.   
Drainage is a function of landscape to convey surface water in to the downstream river systems. 
In most land scape features, at the top slope area, there is sheet and real flow process. Following 
the enlargement of drainage lines, many strip of drainage lines are created over the hill side slopes 
and make big drainage line at the foot of the hills.  Some lands are endowed with adequate natural 
drainage to sustain irrigation. Adequate drainage is essential to ensure sustained productivity and 
to allow efficiency in farming operations. Under irrigation, consideration must be -given to 
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additional facilities to permit adequate removal of the excess water and salts added by irrigation. 
The drainage pattern of an area indicates two things in relation to irrigation. The first thing is its 
relation to the water holding capacity of the area. If the landscape has flat slope and black cotton 
soil, it has high water holding capacity. In the other hand, the topographic drainage of an area tells 
us the proximity to water sources, especially the river water source.  
Water resource is the main domain in irrigation. The water source could be river flow, surface 
storage from reservoirs, ground water or rainfall. At this stage of the study, farmers are using some 
from river flow and some from the traditional hand dug wells. The temporal variability of the water 
resources varies with climate, water utilization(abstraction), and relatied water use and 
management techniques, the land and soil types. The spatial variability also varies with the land 
scape, land treatment made to improve soil and water conservation works, vicinity to the river 
course and like parameters.Zeleke (2014) describe the best location of productive hand dug wells 
at the foot slope of terrains which had good soil and water conservation practices. Similarly, 
climate is the dominant factor that determines the water loss from crops and soil through 
evapotranspiration process. Simple and accurate evapotranspiration estimation techniques are 
recommended to estimate the water loss and water demand of an area. Hence, such method can be 
adopted to compute potential evapotranspiration using meteorological data input. 
2.3 Spatial analysis 
For the better management of the limited scare fresh water resource in the field of irrigation, all 
opportunities should be explored in study and management of the resource. One of the important 
challenges in this field is getting timely and accurate information. Remote sensing based 
assessment and analysis of the soil-vegetation-atmosphere transfer data has led to a better 
understanding of the relationships between crop growth and water management (Bastiaanssen et 
al., 2000).  Limited research was done using GIS based assessment for small-scale irrigation 
development in different parts of Ethiopia (MERON, 2007, Sultan, 2013, Tesfaye Haile, 2014), 
Wale et al. (2009). GIS is basically used to analyze land suitability for the input of land 
classifications for the intended purpose. 
There are several approaches to perform an overlay analysis (ESRI, 2010). Although the methods 
differ, they all follow the same general steps for solving a multi-criteria problem. Commonly, an 
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overlay analysis will be done by weighting several inputs and combine them into a single 
output(ESRI, 2010). The most common application for overlay tools is suitability modeling. Since 
each approach is based on different assumptions, the meaning of the numbers and the analysis 
techniques are specific to the approach. The selection of the analysis techniques depends on the 
problem we need to address. Either a sum or weighted average can be used to combine the different 
raster in to one raster. Each raster represents a different character (potential or constraint) to decide 
a particular cell in the raster is suitable for a particular purpose.  
Preparation of the different raster and applying a multi-criteria evaluation using an overlay analysis 
requires variables as a raster file. If the files are available in vector form, conversion of the files in 
to raster is a prerequisite. Moreover, all raster files need to be standardized in to a common integer 
value. For instance, a floating-point raster must first be converted to an integer raster before it can 
be used in Weighted Overlay. To do that reclassification tool in ArcGIS is an effective way to do 
the conversion(ESRI, 2010). Each value class in an input raster is assigned a new value based on 
an evaluation scale. These new values are reclassifications of the original input raster values. A 
restricted value is used for areas you want to exclude from the analysis. Each input raster is 
weighted according to its importance or its percent influence. The weight is a relative percentage, 
and the sum of the percent influence weights must equal 100. Changing the evaluation scales or 





3. MATERIALS AND METHODS 
3.1 Study Area Description 
3.1.1 Location 
The study was conducted in Abagerima watershed, Bahir Dar Zuria District, Robit Bata kebele, 
Amhara region, Ethiopia. Geographically, the outlet of the study watershed  is located in 11o and 
41’N and 37o 27’E while the farthest watershed divide line is 11o and 40.5’N and 37o 29.5’E. Its  
altitude ranges between 1993- 2120m asl. The watershed area covers around 10 Km2. It receives 
an average annual rainfall of 1300mm per year and experiences an average temperature of 20oC 
(NMA, 2016). According to the traditional agro-ecological belt of the country, Abageriam 
watershed can be considered as“wet woyna dega”. Topographically, the watershed is characterized 
by flat and gently slope with some undulating areas in the upstream edges of  the watershed. About 
44% of the watershed has 0-8-10% slope. Abagerima watershed has become one of the learning 
watersheds in Ethiopia where integrated watershed management has been implemented since 2012 





Figure 1: Location map of the study area 
 
3.1.2 Socio-economic characteristics 
The total number of people residing within the watershed are estmated about 1715. Out of this,  
856 are male and 878 are female. The total household is estimated to be 440, out of which about 
60 are female headed. The average family size is estimated to be 3.9. About 90 % of the households 
use unprotected (open) shallow wells, while 7.9 % of them from other sources, mainly stream 
water (unprotected), hand-pump and roof water. Back loading and pack animals, especially 
donkey, are the most common mode of transporting water. The average distance of the watering 
point (round trip) is about 15 minutes. The major market places are located in Gonbat, Zenzelma, 
Hamusit, and Bahir Dar, in accordance with their proximity. Laguna and Aba Dam are also serving 
as market places to sell chat on daily basis. The market at Gonbat is not specialized but covers 
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some of the basic commodities such as cloths, soap, salt, sugar and household utensils. The average 
travel time to the market place (round-trip) is about 4:00 hours. 47.2 % of the households received 
loans in the past years from micro-finance institution, relatives or friends, and local money lenders. 
There is one farmers’ cooperative serving the community, but, it has poor facilities and lack trained 
professional to deliver the required services. One FTC is available, but poorly equipped to 
demonstrate the required services. There is only a first cycle (1-4th grade) primary school. 
3.2 Data Collection and Analysis Techniques 
The data sources, data collection and data analyses techniques used in this study are described 
below. 
Both secondary and primary data were used. Secondary data includes; available documents that 
explain the study area, irrigation developments, challenges and opportunities. Whereas a primary 
data was collected in the field using filed observation, focus group discussion, and structured 
questionnaires. Remotely sensed data (satellite images) were also used. The data, materials, and 
software used by the study include: 
✓ GPS was used To collect location data of different features in the watershed 
✓ Google Earth pictures and Landsat were used to produce the LULC map 
✓ ASTER DEM 30m for assessment of land use, soil and topographic features. Especially, 
Google Earth imagery was used for immediate identification of green plots in the 
watershed, which are the indication of irrigation practices) 
✓ GIS & RS software (ARCGIS 10.2, ERDAS, ENVI) (for spatial data analysis)  
✓ SPSS (for the analysis and organization of socio economic data) 
The LULC map of the watershed was produced from High resolution google earth images 
(Quickbird) that has a resolution of 60cm. For the classificaiton of the image a manual screen 
digitization was applied. The digitized LULC classes were further checked in thefield. The 
produced map properly captured the detailed LULC classes close to the realiteis in the ground. As 
the LULC mapping was done using a high resolution images and using a manual digitization 
supported by field observation, conducting accuracy assessment was not mandatory for such 
clasificaiotn as the mapping process integrates field survey in which case accuarcy of image 
classification has no importance. 
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3.2.1 Biophysical aspect 
3.2.1.1 Understanding existing irrigation practices 
 
To understand the irrigation practices in the study area three important data collection and anlysis 
texhniques  were applied;  Google Earth, field observation and interview. The aim of  
characterizing  the irrigation practice was to know  the current area coverage of small scale 
irrigation  practice, the types of crops growing, the water sources, and the irrigation scheme. By 
knowing and characterizing irrigation practices, the potential of  the watershed for  similar 
irrigation practices can be also verified.  
 
3.2.1.2 Future irrigation potential assessment 
 
Irrigation potential in the watershed  for smllscale irrigation was assessed  using two approahes;i)- 
by assessing the suitability of the watershed only using land factors and i) by assesing the irrigation 
potential of the watershed for smallscale irrgiaon development. The foremer assessment was 
performed considering the biophyscal and socio-economic criterias whereas the later was 
performed considering the water availability, utilization, and taking the  crop water requirement 
of example crops being irrigated in the watershed  
 
3.2.2 Suitability assessment 
Researchers in the field applied RS and GIS to asses land suitability for many purposes. Rabia et 
al. (2013)calculated the land suitability index for irrigation by taking the weighted average of seven 
factors, which are; slope, surface stoniness, drainage, soil texture, soil depth, calcium carbonate 
(CACO3) and salinity/Alkalinity status. In this study, important detrminant landscapefactors were 
considered to evaluate the suitability of the watershed to practice small scale irrigation including 
slope, distance from water source, landuse/cover (LULC) and soil. The suitability assessment was 
perforemed on the basis of FAO land evalution technique (FAO, 1999).  Land evaluation is 
formally defined as 'the assessment of land performance when used for a specified purpose, 
involving the execution and interpretation of surveys and studies of land forms, soils, vegetation, 
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climate and other aspects of land in order to identify and make a comparison of promising kinds 
of land use in terms applicable to the objectives of the evaluation' (Caracall, 2007). For land 
evaluation a widely used framework was the one developed by FAO in 1999  Over the past four 
decades various researchers have been done by implementing the  and in due course the framework 
has been improved according to the state of the art.  The basic premisies of the evalaution was 
taken from FAO general land evaluation appraoch but adapted and customized to the study area 
context. The reason why the FAO approach was adapted is that it is simple, clear and applicable 
for many cases. The selection of determinat fatores was  made based on the experiences gained 
from other similar researchers (Mustafa et al., 2011, Khoi and Murayama, 2010; Sulta, 2003; 
Tesfaye, 2014; Meron , 2007) and adaping in relation to the context of the study area.   
Step 1: Producing the determinat factor map 
 A)  Slope  
Slope determines the suitable of a given land scape  for irrigation  development.  The 
slope gradient of the watershed was generated in percent  from 30m resolution SRTM 
data .The different slope classes and their suitability is depicted and discused int he 
following section.   
 
B) Distance from water course 
According to the current irrigation practice observed in the study watershed,  farmers  
prefer to practice  irrigation in the their plots near by the water courses. This is due to 
the fact that they can have access to water their irrigation plots as water availability is  
high for landscapes closer to  the water course, other wise from crop protection and 
security point of view farmers prefer to grow the valuable crops around their 
homestead. Accordingly distance from rivers was taken as important criteria for  
irrigation  development. To get this factor river drainage network  of the watershed  
was generated from the SRTM DEM data. 
C)  Land Use and Land Cover(LULC) 
LU/LC of the watershed  detrmine suiability  of the watershed for irrigation practice. 
Detailed LU/LC  information of the watershed for the recent  period (2016) was 
produced  from Google Earth  images using online digitization and verified in the field 




D) Soil  
The propety of soil largely affectes the suitability of the land for irrigation. Soil data of 
the watershed was taken from Water and Land Resource Centre (WLRC). It was 
produced at a scale of 1:10,000 
Step 2 Developing unsuitbale ares for irrigtionThe entire watershed cannot be suitable for 
irrigation. There are areas like churches, river courses, ritual sites, exposed rocksetc, which cannot 
be considered suitbalility assessment as their use is unlikely to be changed. To restrict the 
suitability analysis from considering the entire area suitable for irrigation these areas need to be 
identified. In suitability assessment, these areas are commonly called constraints. Therefore, 
besides identifying the determinate factors, the completly unsuitable part of the watershed, refered 
here as constraint layers,were identified and a separate layer was produced.   
Step 3: Reclassifying the factor maps 
Before running  the MCE each factors need to be reclasified  into a similar ranks  of values  
associated to the sutability level to practice irrigation. In this assessmment, four ranges  of 
suitbaility rankes were assumed to describe the irrigation potential of the watersheds. Thse include; 
highly suitable (ranke 1), moderately suitable (ranke 2), marginally suitable (ranke 3) and 
completly unsuitable (ranke 4). To determine these sutiability rankes for each landscape factors, 
literature review, expert judgment and current irrigaiton practices were used. The current irrigation 
practice indicate the highlsuitability as people practice irigation based on traditional practices with 
little effort. Using all these rankes of suitability all the four layers of the determinat factores, were  
reclassided and re-assigned  with different suitability  ranks. For instance, if there is no any 
irrigation practice in any particualr soil type( eg. Vertisols), all veritisol areas of the watersheds 
need to be assignied as completly unsuitable(FAO, 1999). Simialrily, the suitability of the area for 
irrigation was also ranked based on the distance of an area from water sources. 
The thresholdes were determined taking the current irrigation practices. The economic fesibility 
of irrigating a land is determined by the cost requiredto transport water from the source to the 
irrigation area. On the other hand, if we take for example slople, the higher  the slope the, lesser 
the sutability  of the landscape  for irrigation. Accordingly, the ranks of sutability for  each 
detrminant  factors were  determined and the results are presented  in the following tables& figures. 
In ranking the determinant factors, a higher  value is less suitable for irrigation development where 
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as a smaller  rank represents a higher degree of suitability of the landscape to develope irrigation. 
The spatial layer re-classificaiton were perforemed the the principles of spatial analysis available 
in ESRI ArcGIS sofwarre (ESRI, 2010) and experiences gained for other similar researchers 
(Mustafa et al., 2011, Khoi and Murayama, 2010; Sulta, 2003; Tesfaye, 2014; Meron , 2007). 
 
Table 1: Reclassified Layers 
SN LULC Classes Reclasified values Degree of suitability 
1 Crop lands 1 Highly suitable 
2 Grazing land 2 Moderatly sutiable  
3 Gully, degreaded land,Plantation forest 3 Marginally suitable 
4 Riverian vegetation, natural vegetation, and 
shurb & Bush 
5 Completly unsuitable 
 
SN Soil Types Reclasified values Degree of suitability 
1 Nitosol 1 Highly suitable 
2 Alisol 2 Moderatly sutiable  
3 Luvisols/ Cambisols 4 Marginally suitable 
4 Vertisols 5 Completly unsuitable 
 
SN Slope Classes (%) Reclasified values Degree of suitability 
1 0-3 1 Highly suitable 
2 3-15 2 Moderatly sutiable  
3 15-30 3 Marginally suitable  
4 >30 5 Completly unsuitable 
 
SN River Distance (m) Reclassified Values Degree of suitability 
1 50 1 Highly suitable 
2 50-100 2 Moderatly sutiable  
3 100 - 1000 3 Marginally suitable 
4 >1000 5 Completly unsuitable 
 
Step 3:Multi criteria evaluation  
 
In the previous section to run the multi-criteria evaluation technique that considered, major land 
characters and qualities in relation with irrigation practices, such as, slope, land use, water points, 
soil, crop type, etc were identified.  
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To determine the suitability of the watershed  in the view of  all the four determinant  factors, a 
multicriteria  decision rule was set.  All the  detrminant  factors don‘t  have equal  influence  for 
the suitability. 
 
Weight of influence for each factors  was initialy  set by  assuming  that each factors  has equal 
influence  i.e 100/4 = 0.25  for high influence factors a random value  was attached i.e. 0.25 and 
the weight for others was given through an iterative process.  The assignment of wiegts was made 
based on an reapeated  processes that accounts current irrigation practice and through iterative 
checking of the produced suitable map. 
 
 
Table 2: Weight of influence for determinant factors 
SN Detrminant factors Assigned Weights 
1 Distance from rivers 0.35 
2 Soil 0.30 
3 Slope 0.20 
4 LULC 0.15 
 







3.2.3 Potential assessment 
Landscape suitable for irrigation practice cannot be determined only from landscape factor 
perespective.Thus, potential area obtained considering the land suitability factors need to be 
checked by assessing the available and potential water to irrigate this landscape. In order to do 
that, the types of crops, water sources (disaggregated by right to use), utilization periods, level of 
extraction, and required volume of water per a given area, rate of application were assessed. Hence, 
it needs to evaluate water source availability that can support the growth and production of crop. 
According to Awulachew et al, 2007, inorder to  evalaute  the avilability  of the water  to practice 
irrigation, two  important conditions must be known:- 
1) The crop-types to be growen and their water requirement  over the growing period 
2) The avaiability of water (surface and sub-surface) and its amount and distribution   
over time and space. 
 
3.2.3.1 Crop Water Requirement (Etc) and Irrigation Efficiency 
According to the international Food and Agriculture Organization (FAO), Crop water requirement 
is defined as "the depth of water needed to meet the water loss through evapotranspiration (ETc) 
of a disease-free crop, growing in large fields under nonrestricting soil conditions including soil 
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water and fertility and achieving full production potential under the given growing 
environment"(Doorenbos and Pruitt, 1977). The calculation for crop water requirement considers 
the climate effect on the crop water loss, the crop characterstics and agricultural practices.  
In the study area  the most common irrigated crop is Chat. In addition to this;  papaya, manngo, 
and vegetable do grow on limited areas. Water supply seems to be more important than soil type, 
particularly in the early growing period of chat crop (Getahun and Krikorian, 1973). The crop 
water requirement  for these crops was calculated as follow. 
First the climate factor was considered to estimate the potential evapotranspiration of the crop 
(Eto). There are number of globally known methods to estimate potential evapotranspiration, such 
as, Penman Monteith, Blaney criddle, pan evaporation, and Hargrives(Doorenbos and Pruitt, 
1977). All methods require detail data and complex formula and they are recommended for detail 
tasks. Since our interest is not to conduct detail investigation on the cropwater requirement, we 
have adopted simple method called Enku method, which works using only maximum daily 
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Where, Tmax, is maximum daily temperature. 
        K, is a constant expressed as,  k=48*Tmm-330  for wet and dry seasons, 
Tmm, is long term daily mean maximum temperature for a season, for the five 
years of temperature data of Bahir dar station, Tmm is found to be 27oc. 
Hence, K = 48*27-330 = 966. 
 
After computing the potential evapotranspiration loss, the crop factor is considered for better 
approximation of water loss. Crops stage is the main consideration in crop factors. Crops need less 
water at thier initial and harvesting stage and their water demand reaches maximum at the 
flowering stage. Similarly, agricultural management, affects the irrigation water requirement. 
Considering all these factors, the potential evapotranspiration loss (Eto) will be multiblied by a 
factor called, Kc. 
Common irrigated crops in the Abagerima watershed include Chat, onion, tomato, fodder, and 
young fruit tree are (Table.10). For irrigation potential assesment, we analysed crop water 
requirement using one typical crop (onion). We adopted onion because there is no detail 
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information on the crop cessificient (Kc) data of the dominat Chat crop.The Kc values of onion is 
0.35 (initial stage), 0.95 (mid stage) and 0.75 (end stage)(FAO, 1999). Hence, the average Kc value 
of 0.70 has been adopted. 
From Bahir Dar National Meteorology Station, five years (2010 – 2016) of daily rainfall and 
temperature data was adopted. The average daily maximum temperature data of each month 
computed and used to estimate average potential evapotranspiration (Eto) using Enku’s simple 
method. Actual evapotranspiration loss (Etc) = Eto*Kc. The average rainfall depth also used to 
see the water scarce and excess seasons of the year. 
In addition to the evapotranspiration losses, the irrigation efficiency affects the extent of water 
losses. Irrigation efficiency is a combination effect of conveyance, application and soil water 
storage efficiency. Coveyance efficieny refers to the water loss through the canal, application 
efficiency refers to the method of irrigation and water holding efficiency is about the soil water 
holding capacity of the soil. A research on a tradionally managed irrigation plot of similar 
enivironmnetal condition for storage loss, which was conducted in the Eastern part of Ethiopia 
showed 35%, 42% and 100% conveyance, application and storage efficiency respectively (Bekele 
and Tilahun, 2006). 
In the Abagerima watershed, the existing irrigation practice is mainly done by taking water from 
the hand dug wells or pumping from the river using diessel pumps. This makes negligible 
conveyance loss. Hence, we only considered water application and storage loss. The combination 
of these two losses is 42% and we adopted this figure for the Abagerima watershed (Table 12). 
 
3.2.3.2 Water Resource Potential 
 
Abagerima watershed gets an average annual reainfall of 1442mm (Table.11. and 12). Researches 
in the upper blue nile basin of Ethiopia show that, lots of the rainfall in the watershed is lost through 
evapotranspiration and direct runoff. Only limited amount is used to rechrage the watershed 
groundwater and replenish the river baseflow. There are few studies conducted to estimate 
groundwater recharge amount in the Ethiopian highlands.A study in the near by Robit Bata 
watershed showed that 40% of the annual rainfall has recharged the groundwater table (Yilak et 
al., 2015). However, the study did not indicate the significant amount of water immidiately drained 
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in to the river in the form of baseflow prior to the begining of the dry season. The groundwater 
recharge over the Ethioipian highland was estimated to be from 70 – 120mm by Kebede (2013) 
and from 150 – 250mm by Chernet (1993).  
 
More detail study was conducted over seven sub catchments of the Lake Tana Basin (Asmerom, 
2008). Out of the seven sub catchments, our watershed is near to Gumara watershed and we 
adopted the findings of this result. The study showed that baseflow accounts 15% of the total 
rainfall. The study further classifies the baseflow in to two. The first half (7% of the total rainfall) 
is generated through interflow which is released immediately after the end of the rainy season, 
while the remaing portion is drained slowly to the river drainage system in the remaining dry 
periods of the year. Hence we can adopt 7% of the rainfall as a reliable dry season river flow for 
the dry season irrigation use for the ungauged watershed.  
 
On the other hand, several studies  showed that the overall ground water recharge depth can rang 
from 70 – 120mm(Wale et al., 2009). If we take the avergae, it becomes around 95mm or 7.5% of 
the total rainfall. Since this amount is below the the amount of the ground water contribution for 
the baseflow, we can assume that the study was intended to show the rainfall portion used to raise 
the groundwater level beyond the baseflow contribution. The study results from other researches 
also showed higher amount of groundwater recharge on the similar areas. Hence, both from the 
dry season river flow and groundwater storage, we can assume that a total of 15% of the rainfall 
could be taken as a potential for the conventional tradional irrigation in Abagerima watershed 
(Table.12).  considering this, the availabile water to be used for irrigaiotn was assessed. 
 
Irrigation efficiency is an interlinked with theconveyance, application and soil water storage 
efficiency. Measuring of  irrigation efficiency was beyond the scope of this study. Hence, we took  
researchs fromother similar tradionally managed irrigation plots found in the Eastern part of 
Ethiopia and tried to customize to Abagerima watershed (Bekele and Tilahun, 2006). In the 
Abagerima watershed, the existing irrigation practice is mainly done by taking water from the hand 
dug wells or pumping from the river using diessel pumps. This makes negligible conveyance loss. 
Hence, we only considered water application and storage loss. The combination of these two losses 




3.2.4 Socio-economic aspect 
The sutiability of an area for irrigation developmnet can not be determined  only from the the 
biophysical  perspectives. Socio – economic conditions determine the utilization of suitable 
landscape  for irrigation development.  To understand socio-economic determinates, the following 
techniques of data collection and analysis were employed. Focus Group Discussion (FGD), open 
ended based questioner survey, structured questionnaire and informal discussion were conducted. 
The collected data were analyzed using SPSS. 
 
Selection of sample households was made at administrative kebele level based onCochran (1977). 
Independent samples of households were calculated from a sample frame.  Sample size calculation 
for selection of households from kebele from the watershed was considered: (i) the proportion (p) 
for the different variables of investigation to be (p=0.5);  (ii) design effect of 2 to make an 
adjustment for non-random effect;(iii) 10% margin of error at 95% confidence; and  (iv) 5% non-
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Where: Ni = the total number of households in each major watershed (i=1,2,3); Total Number 
of HHs = 446 in the whole watershed 
n0i = non-adjusted sample size for each sub-basin  
ni = adjusted sample size for each for each sub-basin; 
 Z = value of normal distribution at 95% confidence (z=1.96); 
P  = the proportion for the key variables to be investigated (p=0.5); 
 = margin of error (10%); and 






To understand and evaluate the existing irrigation practice, both biophysical and socio-economic 
assessment was performed. The biophysical assessment was performed using RS, GIS and field 
observation. Detailed socio - economic study was conducted through interview by employing 
structured and semi-structured questionaries’ and public discussion. A total of 166 respondents 
were randomly selected from the total of 446 household heads of the watershed (Eqn. 2 and 3). 
Sample size of 37, 72, and 57 were taken randomly from the up slope, middle and lowers reaches 
of the watershed respectively. More samples at the middle were taken as there is more number of 
beneficiaries in the middle reach of the watershed.  
In the survey, stratification of the total population was made considering women headed 
households, land less youth, elderly people, rich and poor upstream and downstream settlers done 
for each water sources by considering community perceptions based on their existing practices. 
To understand the socio-cultural and institutional dimension that creates opportunity or hindered 
opportunity to practice small-scale irrigation development in the study watershed were, also 
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4.1 Current Irrigation Practice in Abagerima Watershed 
Questionnaire based socio-economic results In the study watershed, there are six villages, namely 
Kuraza, Enkoy Got, (Lay Kecha and Tach Kecha), Tua Badima, Tach Mender, and Kotib Got. 
Settlement pattern in the watershed is characterized by relatively nucleated homesteads with few 
dispersed houses. Relatively goodbackyard management, where growing of cash-bund, and other 
perennial crops are common, but most of the homesteads are not properly fenced. 
Out of the 166 sample respondents in the Abagerima watershed, 158 are male headed households 
and 8 were women headed households. Age wise, bout 50% of the respondents were on average 
45years old. Of the total respondents, only 13% reached up to primary school level while the rest 
are illiterate. More than 90% of the respondents were married while the remaining are living alone 
widowed, divorced, or never married.  
In the watershed, there is one local market outlet locatedat small rural village established along the 
main asphalt road that runs from Bahirdar to Gonder. The average residential distance from the 
nearest access road and market outlet is 1.3Km and 5.0Kms. This could be taken as a good 
opportunity of infrastructure availability compared to most of the rural villages in Ethiopia as the 
country is one of the world’s lowest ratios of road infrastructure(Devereux and Sussex, 2000). 
Most of the communities are located within 1Km distance from the nearest river course. The 
maximum distance is 1.5Km. The average family size is five, of which two children under 7 years, 
two persons between 15 – 64 and one elder than 64 year old. The active work load of the family is 
usually laid upon the shoulder of the family laying between 15 – 64 year old. Land holdings of 
ranges from less than a 0.25 to 4.5ha, off which 50% of the population have just one hectare of 
land. From this, they practice rain fed agriculture over the 0.75ha land in average and 80% of the 
households do have irrigation practice over a quarter of land. There is few land lease practice on 
less than 5% of the population both on the irrigated and rain fed crop lands. Out of the total 60 
households which claimed having perennial crops on their field, 43 householdshave irrigation 
practice. More than 90% of the irrigated fields are covered by perennial crops. Farmers who have 
perennial crop without irrigation practice could be growing fruit trees like Mango and Avokado 
using rain fed system. Near to 5% of the surveyed household do have vegetable crop on 0.125ha 
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land of which, 50% is developed by irrigation. One – fourth of the surveyed populations have 
allocated 0.25ha land for animal fodder development. However, irrigated fodder was practiced 
only by 5% of the population. 
4.1.1 Irrigation potential suitability analysis 
i. Topography 
For irrigation development, knowledge and information on the topography of the watershed is 
vital. The relief of the watershed is depicted in Figure 3. The majority of Abagerima watershed is 
dominantly gently sloping surrounded by few hills that divide the water flow. Laguna (upper south 
east), Kuraze, (South west), Ejaji (north east) are the three prominent hills of the watershed. The 
central part of the watershed is nearly flat.   
 
Figure 3: Watershed topography 
 
Using the SRTM Digital Elevation Model data (30m resolution) the slope of the watershed was 
generated. The slope values are regrouped in to six classes using FAO classification. Table (1) 
















Table 3: Slope in percent 






1 Flat or almost flat 0-3 93.53 10.44 
2 Gently sloping 3-8 295.88 33.04 
3 Sloping 8-15 323.84 36.16 
4 Moderately steep 15-30 158.48 17.7 
5 steep 30-50 23.797 2.66 
6 Very steep >50 0.06 0.01 
  Total  899 100 
 
According to the slope data, more than 50% 0f the watershed is featured in slope range of above 
8% on which traditional irrigation is difficult. 
ii. Land use and land cover 
The Land Use Land Cover (LULC) information is essiential to asses the irrigation potential of a 
watershed. The LULC cover map and statics of the watershed are displayed in Figure 8 and Table 
4 respectively. As indicated in the methodology section, the LULC maps were produced from high 
resolution googel earth images through manual digitizaiton. After the digitization, it was 
alsoiteretively verified and corrected using ground truthing. For that reason, the produced map has 
almost a field level accuracy.  The final map is produced at a field scale that imples it properly 
represent the actual LULC setting of the wateshed. The accuracy of the map has been continually 
imrpoved till it gives a 100% representation of the reality in the ground. Transect survey and 
inensive ground verification have helped to correct for any visible errors in the LULC maps. 
According to the resut, the largest portion of the watershed (65%) is covered by cultivated land 
followed by grass land (14%). Homestead also covers a considerable area, where various 




Table 4: Land use 
Land Use and Land Cover Types Area (ha) % 
Bush/Shrubs 37.40 4.16 
Cultivated Land 591.12 65.72 
Degraded Grassland 30.67 3.41 
Grazing land 127.30 14.15 
Gully 0.02 0.00 
Homestead 80.39 8.94 
Natural (Church)Forest 4.84 0.54 
Plantation  16.58 1.84 
Riverine Vegetation 9.15 1.02 
Exposed surface and barelands 2.00 0.22 
Total 899 100.00 
 
In Abagerima watershed, the farming systemis characterized as mixed farming where  crop 
cultivation and livestock production are practiced. However, consequent to land degradation, high 
population pressure that resulted in shortage of land and forage, the livestock production is is 
gradually declining compared to the previous situation.  Residents have limited livestock for 
tillage, milk and transportation. They feed their animals on delineated communal free grazing lands 
around the Lake Tana shore, on private grazing lands, and supplying crop residue. Since very 
recently, there is an increasing conversion of the rainfed based cerial and puls production in to 
Chat cultivation on areas where water is convenient. Details on the crop production is discussed 
in the following sections. 
 
4.1.2 Crop Type and Cropping Practice 
As indicted in the methodology section, understanding the farming system, types of crops growing 
in the study watershed helped to assess the potential and challenges of irrigation practices. 
Particularly, to recommend irrigation practices, economically feasible crop type to be irrigated 
need to be identified. For that reason, this study conducted detailed survey of the types of crops 
(irrigated and non-irrigated). In the study watershed, both rain – fed and irrigation based crop 
production are practiced (Table 5). Teff (Eragrostis tef), maize (Eleusinecora cana) and millet 
(Zea mays) are the major rain fed based grown crop types. A considerable amount of land is 
allocated for cereal crops. Households in the watershed can get averagely between 2000 and 4000 
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Ethiopian Birr per year. Most of the crops harvested in the watershed are used for home 
consumption which makes the livelihood very subsistent. To cope-up the subsistent life, farmers 
practice small scale irrigation and grow cash crops and earning income for their expenses.  
The watershed has become well-known for its small-scale (household level) irrigation practice that 
uses shallow ground water well-constructed around homesteads and pumping water from the river 
flow. According to the survey results, irrigation is being practiced by 85% of the sampled 
population, basically for commercial crops, mainly Chat. This crop has been developed by 83% of 
the respondents on 0.15ha of land in average. The survey result also shows Chat production per 
year is on average 24Kg, which worth near to 20,000 Ethiopian Birr. The product is totally used 
for market purpose. Compared to the income a household can get from rain – fed based crop 
harvest, the income from Chat is fivefold. Due to the strict religious and culture of the community, 
Chat is not consumed by the farmers. The second most frequently developed irrigated crop is 
Rhamnus prinioides plant (locally called “Gesho”), which is adopted by 25% of the HHs. Farmers 
earn up to 500 Ethiopian birr per year besides home consumption from this crop. The third most 
practiced irrigated crop in the watershed is Coffee. Both Gesho and Coffee are planted around the 
home stead together with fruit trees, which are planted for double purpose; to give shade for the 
coffee and for their economic values. Mango is the leading plant among the fruit trees in the 
watershed. Vegetables; like Onion, Tomato, green pepper and cabbage are planted independently 
on other fields. Income comparison from these crop types presented in Table 5. The details of such 
irrigation practice was not considered in this study as they cover very small area and the scope 
goes beyond this particular study. 
Table 5: Major Rain fed and Irrigated Crops average land coverage and annual HH income in Abagerima Watershed 
Rain Fed Crop Land Allocation (ha) 
Yield (Ethi. 
Birr)/year 
Millet 0.40 4000 
Maize 0.36 1980 
Teff 0.33 2200 
Irrigated Crop Land Allocation (ha) 
Yield (Ethi. 
Birr)/year 
Coffee 0.14 600 
Gesho 0.13 511 
Mango 0.10 1500 
chat 0.15 19210 
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The income comparison, presented in Table 5 depicts that, the revenue that farmers can get from 
Chat production (in terms of money) is about ten times to the total of other irrigated crops. The 
revenue calculated in the above table doesn’t show net benefit of the farmers as there were 
expenditures and labor costs in the production of these crops. 
 
Figure 4: New chat farm expansion near to the river course 
In this watershed, farmers’ use fertilizer and improved seeds for fruit, Gesho and coffee crops. 
Whereas, they do not use improved seed and fertilizer for the leading crop, Chat. This implies that 
the input for Chat production is negligible and farmers do not expend lot amount of money to buy 
input for Chat production. That means the net benefit that farmers can get from Chat is far larger 
than other crops. 
The challenge for Chat production is the contribution for food-insecurity as it is not directly 
consumed by farmers. Besides, it computed land and water to grow other crops is also the other 
problems related to Chat production. As a result, growing of Chat is not encouraged by the 
government and not supported by any extension system. In order to address the blames and these 
shortcomings of Chat, farmers have started practicing intercropping of other edible fruit trees on 
their Chat fields during the dry season(Figure.5). Intercropping of Chat with Gesho seems 
compatible as it is common observed in most intercropped plots. In this regard, in areas where 
Chat is the major irrigated crop, the accompanying crops are Gesho, Coffee, Mango and Avocado. 
A combination of Gesho, coffee and fruit trees is also practiced. Sometimes, fruits trees are planted 
purposely as shade for the coffee plants to reduce evapotranspiration loss. Combination of Gesho 
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and coffee is highly observed because these crops are crucial for home consumption in addition to 
the market values.  
 
Figure 5: Irrigated inter cropping practice in Abagerima Watershed 
 
4.1.3 The sources of water, means of transport and application for irrigation in the 
Abagerima Watershed 
Irrigation practice in the watershed spatially varies across the watershed in terms of water source, 
means of water transportation and application.  The study identified the major sources of water for 
irrigation development (Figure 7). In Abagerima watershed, there are two streams namely; Edemo 
and Andi Ayitetash. But, the community doesn’t use the river flow all year round because the river 
flow dries fast after the end of the rainy period. Hence, farmers forced to use ground water to 
supplement water interrupted to irrigate their perennial crops. They use the ground water from 
hand dug wells, surface water in the form of traditional diversion and pumping. The other option 
could be taken as the spring sources. 
The upper reach of the watershed is characterized by degraded and sloping landscape with rocky 
































watershed. Hence, farmers who live in the upper reach of the watershed does not have much hand 
dug well. The middle watershed has better access to water because of slope compared to the 
upstream. In the down slope, water gets time to infiltrate and recharges the groundwater. For that 
reason, the lower side of the watershed has relatively better dry season base flow as well as ground 
water source. For that reason, there are more productive hand dug wells to be used for irrigation 
in the downslope of the watershed (Figure 6.a). Besides to the slope variation, relatively, farmers 




Figure 6: Irrigation Water Sources and water conveyance systems in Abagerima Watershed 
(a. Hand Dug Well at the irrigated field, b. Farmers use bucket to apply water at the foot of each crop, c. Farmers cut traditional 







along the river course and irrigate irrigation fields near to the river course, e. Farmers dig shallow wells along the sandy river course 
when the river flow dry up to get water and fetch to their irrigated field and, f. Farmers use donkey to transport water for irrigation). 
According to the field assessment on the hand dug wells, in the lower slope of the watershed, the 
groundwater level is near to the surface (less than 10m). The river flow also lasts long during the 
dry season (end of December). In the watershed, the river bed is mostly covered by sand 
deposition. Hence, in the extreme dry periods when the wells have no water, farmers dig wells 
along the sand courses of the river to get water and transport to their irrigation fields (Figure. 6. e) 
using donkey and human labor (Figure. 6.f). This shows the extent of irrigation water demand in 
the Abagerima watershed. 
Among the identified water sources, ground water is the main source of water to irrigate crops 
(Figure 7). About 75% of the sampled households have a minimum of  two hand dug wells for 
irrigation and home consumption. The maximum number of wells that a household has reaches 5 
wells. The average well depth is 12.0m. Well construction is done manually using the local labor 
and technology and it costs 2000 Ethiopian Birr in average per a single well. Comparatively, hand 
dug wells are suitable to irrigate fields for a couple of reason; one, water is available during the 
required time; second, it is developed near by the irrigation field so that it saves time and labor 
cost of transportation. However, because of the difficulty to develop the wells, farmers have 
developed small irrigated land as compared to the potential in terms of availability of land, market 
and even water.  
 
Figure 7: Main Sources of Irrigation Water Source in Abagerima Watershed 
 
The next main water source is pumping from the surface water. Pumping of water from streams is 
the next water source that the community uses for irrigation but its utilization vary with distance 





Traditional River diversion as source of water for
irrigation
River pumping as source of water for irrigation
Shallow ground water (hand dug wells) as source of
water for irrigation
Other as source of water for irrigation
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contribution. This is because the topography around the river course is not suitable to divert dry 
season river flow to the farmer’s irrigation field by traditionally developed canals. Moreover, the 
amount of water flowing during the dry periods is too small to apply river diversion.  
4.1.4 Challenges  in relation to the uneven distribution of water resources 
Though irrigation is practiced in most part of the watershed, there are still limitations to practice 
further. Even though most of the farmers are interested to increase irrigation practice, they could 
not able to practice irrigation on more than 0.15ha land per household. Water source limitation is 
the major constraint. The study assessed farmers’ opinion about the possible reasons for not getting 
irrigation option (Table. 6). Lack of access to water resource (both surface and ground water) was 
mentioned as the main constraint for irrigation development. This is because, farmers located near 
to the river are considered as privileged to use belligerently the water. On the other hand, they can 
use much water with minimal cost and labor. Areas with good groundwater potential are also 
considered as an opportunity for irrigation development. The next main constraint was taken as 
the lack of suitable land for irrigation. The land condition includes the soil productivity, soil depth, 
workability for cultivation, slope etc. 
Farmers’ skill and awareness as well as initial investment for irrigation development got minimal 
weight among the respondents. This indicates that farmers in the watershed consider that they have 
better understanding on irrigation development. Moreover, they understood that irrigation 
development has good financial return as compared to the initial investment.   
Table 6: Farmers reason for not using  irrigation  
Reasons Frequency 
Lack of access to surface water  10 
Lack of access to suitable land  8 
Lack of access to ground water  5 
Lack of skills and knowhow  4 




In order to understand the reasons for water shortage in the watershed, perceptions of the farmers 
were investigated and the result indicated that, the water availability in the watershed cannot fulfill 
the demand. About 30% of the respondents believe that, irrespective of other factors explained in 
Table 7, the shortage of water in the watershed is attributed to poor water management system. 
Farmers confess that the water shortage not only because of the small rainfall the watershed 
receives, rather their effort in storing surface runoff is very little. If they believe that precipitation 
is not a limiting factor, more effort should be exerted to store, explore and conserve the rainfall 
potential, which is a good opportunity to enhance irrigation in the watershed. 
Table 7: Reasons for water shortage in the watershed by the farmer’s perception. 





Over application of the water by some farmers  14 41% 
Naturally available surface water in the dry season is 
small because of less efforts to capture run off  11 32% 




Low level of water harvesting  2 6% 
Total 34  100% 
 
It is clear that, the water resource in the watershed vary following the topography, geological 
nature and level of soil and water conservation practices to store more water resource as well as 
the ownership to use water where it is available within the watershed. Farmers’ settlement across 
the watershed also varies for many reasons. As the result of this, all households in the watershed 
don’t have equitable access to land and water.  
In the upper reaches of the watershed, farmers need to dig deeper hand dug wells to get 
groundwater. But still it is not sufficient. Moreover, the bed rock is hard to dig. The river flows 
also dry up early. So access to groundwater is becoming major constraint for them. In the middle 
reaches, the ground water yield is better. The river flow during dry season is also good. However, 
the river flow is not as such accessible for all. It is usable only for farmers near to the river course 
and for those located in the lower reach of the watershed. Nevertheless, these farmers still use 
expensive and laborious water transporting system such as using motor pumps, human and donkey 
transport. As a result, the water extraction, transport and application are inefficient.  Moreover, 
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there is a continuous conflict and violence that arise due to lack of policy framework or bylaw to 
apply efficient and equitable water utilization system that could lead to sustainable irrigation 
development in the watershed in particular and in the highlands of the country in general 
4.2 Field survey based result  
4.1.5 Irrigation Potential Assessment 
The above sections illustrated the household level socio-economic survey and physical observation 
assessment results. The findings revealed that practicing irrigation has brought up a considerable 
effect (positive and negative) on the economy of the society and on the management of land too. 
Given that small scale irrigation development has been improving the livelihood of the society at 
large, the potential and challenges to enhance the practice need to be studied at watershed scale. 
The current irrigation practice clearly shows that Abagerima watershed has the potential to practice 
irrigation. However, the actual area currently being irrigated, the potential and upper limit to 
practice irrigation need to be quantified at watershed level. For that reason, detailed landscape 
suitability as well as the crop water requirement were performed  and evaluated against the 
available water. 
4.1.5.1 Landscape Suitability based irrigation potential assessment 
As explained in the methodology section, in order to assess landscape suitability of the watershed 
for small scale irrigation, four determinate factors were considered. These include; slope, distance 
from water sources, LULC types and soil (type). In the assessment, scategorizing the determinant 
factor into the identified four suability ranks was very difficult. However, after consulting various 
literatures and expert knowledge in the field as well as the profound knowledge of the local 
community in irrigation practices, the suitability of each factor was determined. The techniques 
employed to assign the ranks require immense knowledge on the influence of each factors. 
Therefore, ranking and determining the influence level of each factor was done iteratively through 
checking and cross checking of the intermediate suitability maps against the reality in the ground. 
Basically, the spatial location of currently irrigated fields of the watershed reveals the influence of 
the biophysical factors to practice irrigation in the watershed. Thus, to understand the spatial 
relationship that exist between the already developed irrigated fields, spatial overlay analysis test 
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was performed between currently irrigated fields against slope, soil, distance from the water 





Figure 8: Raw input layers used to make multi-criteria evaluation (a. River Map, b. Soil Map, c. Land cover 
map, d. Slope Map) 
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Table 8: Biophysical suitability based irrigation potential assessment result of Abagerima Watershed 
Factors S1 S2 S3 Completely unsuitable 
% % % % 
Distance to river courses 25 35 26 14 
Soil 28 27 21 23 
Slope 39 35 23 3 









About 90% of the currently irrigated fields are found in landscapes having less than 8% slope. 
Similarly, the majority (45%) of the current irrigation development is being practiced on Nitosol 
whereas the remaining 35% is being practiced on Alisols. In the context of Abagerima watershed, 
to practice small scale irrigation, the spatial correlation test shows that closeness to surface as well 
as ground water sources have considerable effect to practice irrigation. This is because; 
transportation of water to the irrigated field is largely made by donkey. The majority of currently 
irrigated plots (21-27%) have a maximum of 1km distance from surface water sources. The closer 
distance from the water source (1km) was mainly due to the fact that the analysis was performed 
in a small watershed having a maximum of 2km radius. On top of that, the majority of the people 
have donkey and the required labor force to fetch water from the available sources is largely 
performed by kids that has considerable impact on their education.  
Considering all these factors, distance from rivers was found the most influencing factor with 0.35 
influences out of the total value of 1. For the commencement of irrigation practice by a HH is 
largely determined by availability of water (surface or ground water). The extraction of ground 
water is largely determined by the capacity of a household to excavate it in terms of labor and 
finance. For the fact that ground water based irrigation development requires a considerable money 
and labor, the majority of the HH target stream water compared to ground water. That implies for 
the majority of the household, closeness to river determine the interest to irrigate their field. 
Besides, to consider ground water in the analysis, ground water potential data is required. The 
production of ground water potential by this study goes beyond the scope of the study and justifies 
the reason why only stream water source was considered in the analyses. The other factors have 
LULC (0.15), soil (0.30), and slope (0.20). Ranks in each factor reflect the relative suitability of a 
particular land to develop irrigation. Highly suitable land (rank 1) represents a land that can be 
easily developed without any limitation of that particular factor (eg. slope). A moderately suitable 
land (rank 2) represents a land that requires a modest investment to develop irrigation. For 
example, if it is a bit steep (> 8%) it requires leveling the land using bench terraces, or if it is highly 
sandy it requires to improve the water holding capacity of soil using compost. These lands can be 
developed by using the existing water extraction, transportation and application system more 
robust and efficient. Contrarily, the marginally suitable landscape requires huge investments like 
building micro-dam, ponds, or heavy machine to uplift and/or transport the water. Under the 
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prevailing condition, the completely unsuitable land is a land that cannot be developed using the 
available technology and knowledge.    
According to the final suitability assessment result made based on the biophysical factors, 
Abagerima watershed has 20% of land which is highly suitable. About 2% is completely unsuitable 
for small-scale irrigation. Nearly 43% of the watershed has moderatesuitability. This portion of 
the watershed can be irrigated if the existing water source extraction system, transportation 








Table 9: Suitable and non-suitable area of the watershed 
Suitability 
ranks 
Degree of suitability % area 
covered 
Area coverage (ha) 
1 Highly suitable 19.6 196 
2 Moderatly sutiable  43.8 438 
3 Marginally suitable 25.1 251 
4 Completly unsuitable 1.75 18 
5 Constrained area 9.7 97 
 
4.1.5.2 Irrigation potential based on water Resources 
The landscape factors based suitability assessment result shows that the current irrigation practice 
can be further developed on 20% of the watershed. Compared to the currently developed area, (i.e. 
20ha), it can be taken us the unexploited potential to ensure food security even for surplus 
production. However, all these lands cannot be developed unless the water demand is addressed.  
Thus, the potential area estimated by the landscape factor analysis need to be cross- checked by 
assessing the availability as well as the potential of water in the watershed to develop the estimated 
area. In the following sections, water demand and availability assessment results are presented. 
4.1.5.3 Irrigation water Demand assessment 
To get the actual irrigable area, the availability of water should be compared with the crop water 
demand. Besides to other factors, the utilization of water depends largely on the water requirement 
of a crop to be irrigated. Therefore, first the crop water requirement analysis was done taking 
representative irrigated crop in the watershed. We used Bahir Dar national meteorology climate 
data (rainfall and temperature) and the weighted average crop coefficient (Kc) value. For 
simplicity, we used the average Kc value of a representative crop (Onion) (Kc initial, Kc mid and 
Kc end season) values to be 0.70 (Table 10). 
Currently farmers are able to irrigate only 2% of the watershed, which is equal to 20ha of land 
(Table 13). To get a good perspective of the water demand and gap in the watershed the 20ha of 
land was distributed to major irrigated crops, which were identified crops by the socio economic 
survey. The water demand was correlated with the proportion of each major irrigated crops 
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proportional area coverage in the watershed (Table 10). Daily Potential evapotranspiration (Eto) 
was computed using (Eqn. 1). Accordingly, the crop evapotranspiration (Etc) = Kc*Eto. 
Table 10: Area coverage of existing major irrigated crops and crop coefficient estimation in the Abagerima Watershed 










developed 20ha land 
distributed by the % 
of beneficiaries). Remarks 
Chat  139 83% 16.5 
Crop coefficient (Kc) of 
sample crop “Onion” was 
adopted = 0.70 
Vegetable (Onion) 10 6% 1.2 
Fruit (Avocado) 9 5% 1.1 
Irrigated Forage 
(Alfalfa) 10 6% 1.2 
Total 168 100% 20  
 
 
Table 11: Crop Water Requirement for the Abagerima Watershed (Calculated) 
 Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Temperature  
Tmax (oc) 27.3 29.3 30.1 30.7 29.5 29.2 25.2 24.7 25.6 26.7 26.8 26.6 
Eto (mm) 4.0 4.8 5.1 5.4 4.9 4.8 3.3 3.1 3.4 3.8 3.8 3.8 
Weighted 
Average Kc 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 
Etc, mm 2.8 3.4 3.6 3.8 3.4 3.3 2.3 2.2 2.4 2.7 2.7 2.7 
Monthly average 
Rainfall (mm) 2.7 0.0 19.3 23.0 90.4 149.1 452.4 419.5 196.0 77.3 9.6 2.3 
Daily Rainfall  
(P, mm) 0.1 0.0 0.6 0.8 3.0 5.0 15.1 14.0 6.5 2.6 0.3 0.1 
Difference  
(P – Etc), mm -2.7 -3.4 -2.9 -3.0 -0.4 1.6 12.8 11.8 4.1 -0.1 -2.4 -2.6 
Existing 
Irrigation Water 
Demand (for the 
2% Area), m3 16393 20128 17665 18047 2507         523 14221 15439 
 
The negative sign in the above table shows the deficiet seasons, at which, the available rainfall is 
below the evaporation amount. For simplicity, total rainfall was used. As it is shown both on the 
table as well as the following figure, maximum irrigation water is demanded from December to 
April. In the rest four months (Jun – September), available rainfall is in excess of the the crop 





Figure 11: Rainfall and crop water requirement variation 
 
4.1.6 Irrigation water Potential Assessment 
The water resource for irrigation in the Abagerima watershed is rainfall – runoff process 
dependent. Researchers conducted in the surrounding areas showed that about 15% of the annual 
rainfall is used to generate the dry season base flow of the rivers and recharge the groundwater. In 
simplicity it implies that, the water that farmers use for their irrigation (both in ground water and 
stream flow), water potential of the watershed can be estimated as 15% of the rainfall that the area 
receives.  With this assumption, the potential water resource of Abagerima watershed was 
computed as shown in the following table. 
Table 12: Water Resource Potential and the extent of utilization 
Description Amount 
Annual Rainfall (mm)                 
1,442mm 
Water being extracted  currently (for the 2% existing irrigation Area), m3             
104,923 
Irrigation efficiency 42% 
Water demand (m3) = Water current extracted/(Efficiency) 249,817 
Water potential available for irrigation or Recharge to the groundwater and 
Baseflow=15% * Annual Rainfall 
         
2,162,550  
Percentage of the water extracted (ground water + Baseflow) utilized up to now 
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In Table 17 above, a total of 2.16Million m3 is estimated to be available in the watershed for the 
non-rainy months. Comparing the total estimated crop water requirement (104,923m3) as depicted 
in table 12, water shortage wouldn’t be a decisive factor for irrigation development as the total 
available water exceeds the demand (20times).  Nonetheless, the estimated available water vary 
time and space and become scares resource. For instance, out of the estimated available water, the 
majority of the flow is available in the times when the crop doesn’t need much water (eg. after the 
end of the rainy season). That implies to utilize the water it needs to store and use it when it is 
needed at most. Therefore, if farmers could use water harvesting technologies such as ponds, it 
can be assumed that farmers can utilize the estimated theoretically available of water in the 
watershed. Apart from storing water, the application schemes of water determine the total area of 
irrigation. In sum, the utilization of the estimated irrigable land in the watershed (i.e. 20% the 
highly suitable land) requires storing rainfall and proper utilization. by using the base flow and 
groundwater recharge just by increasing the irrigation efficiency from the commonly traditional 
practice of 42% to advanced more efficient level of 70% irrigation efficiency. 
In order to assess the gap on the availability and extraction/utilization of water sources in the study 
watershed, filed observation was performed. In the study watershed, there are 3 streams and 2 
springs which can be considered as water sources for irrigaiton. The information obtained from 
the respondants show that, the rivers’ flow start in May, reaches its maximum discharge in August, 
and dryies up in January. The other importatn water source is from the soil residue moisture and 
groundwater. In the watershed, there are about 500 shallow hand-dug wells (out of these, 250 are 
operated, 150 closed, and 100 are under-construction). The spatial distribution of existing shallow 
hand dug wells  is shown in Figure.12.b. The reason for the closed hand dug wells is lack of 
sufficient water to use them or were not finished as farmers faced dificulty to penetrate thehard 
bed rock using their traditonal digning equipments.   On average, 2 shallow hand-dug wells are 
available around a HHs’ homesteads, where up to 6 shallow hand-dug wells are available in some 
HHs.. However, when more wells are excavated at short radius, the shallow well water takes more 
time to recover after pumping.  
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4.2 Challenges and Gap Analysis to Increase the Efficiency of Irrigation Practice 
4.2.1 Area utilization gap 
As explained in the previous sections, currently developed land by small scale irrigation accounts 
only 2% of the watershed (Figure.12.a and Table 13). , Comparing with the highly suitable portion 
of the watershed based on the landscape suitability assessment result (20%), about 18% of the 
watershed is not yet exploited. When the moderately suitable part of the watershed is considered 
the unexploited portion of the watershed reaches up to 44%.  From the assessment result of this 
study it can be said that the irrigation potential of the watershed is restricted mainly due to water 
resource development related issues. 
When the spatial distribution of currently irrigated plots is examined, the majority of them are 
located following river courses or around the farmers’ settlement area or homesteads. This shows 
that suitability of the landscape is highly linked with the availability or access to water next to 
land. In fact, farmers prefer to develop irrigation around their homestead for a couple of reasons; 
one from management perspective such as time, labor and regular follow-up of the plot; second 
from security perspective. In general, more work should be done to explore the water resources in 





Figure 12: (a) Currently irrigated landscapes in the Abagerima watershed, (b) Spatial distribution of shallow hand dug 
wells in Abagerima watershed 
 
















1 Highly suitable 196 2% 20 176 
2 Moderatly sutiable  438 0 0 438 
 
4.2.2 Water utilization gap 
Besides to water shortage related under development of irrigation in the watershed, this study also 
identified three important gaps related to water use; exploration of water, transportation of water, 
and application of water. Irrespective of the availability of water problems related to ground water 




application has strongly affect the development of irrigation and its effectiveness as discussed in 
the following subsequent sections.  
4.2.2.1 Ground water exploration and extraction 
Based on the biophysical potential, water availability and crop water requirement assessment, the 
Abagerima watershed community can increase the currently irrigated area from 2% to 20% by 
introducing only better water resource utilization and exploring more water sources. More water 
sources could be added by digging additional hand dug wells at the places where identified as 
potentially suitable areas, introducing water harvesting technologies to trap the rainy season 
surface runoff, adopting better soil and water conservation works to improve ground water and dry 
season river flows. The soil and water conservation works have raise the groundwater level 
significantly to explore the water resource using hand dug wells in Tigray region (Zeleke, 2014). 
The method should be adopted in the Abagerima watershed to improve the groundwater recharge 
for sustainable ground water irrigation uses.  
In the previous sections, it was stated that ground water is one of the main water source for 
irrigation in the watershed. Efficient utilization of this important water sources is highly 
determined by effective exploration and excavation. In the study watershed, the exploration and 
excavation of shallow wells is done by farmers using their traditional knowledge and equipment. 
As depicted in figure 12, the distance between each shallow well is very small. Farmers dig one 
well after another (in few meters distance i.e. 20m) when they fell water is insufficient in the 
previous well. However, they are not sure that they will get more water from the newly constructed 
well within a short distance. Often it is unfortunate they don’t get. This makes irrigation 
development inefficient. This is something that requires knowledge and information on the ground 
water hydrology of the area.  This reflects lack of knowledge based ground water exploration and 
excavation extension service.    
Based on the socio-economic survey, averagely, a household has 2 wells and irrigate 0.15ha of 
land. That implies to sufficiently supply water for a household based irrigated field two wells are 
sufficient. In the watershed a total of about 500 wells were identified out of which 250 are 




4.2.2.2 Inefficiency in the transportation of water 
Water is a scarce resource. Irrespective of its abundance presence it has to be extracted and 
transported efficiently. In the study watershed, the community use human labor, donkey and 
pumps as means of transporting and extracting water from the sources to the irrigation plots. In 
due course of extracting and transporting water from the sources to the irrigation plots, a 
considerable volume of water is lost. Even if the study failed to accurately estimate the loss, it can 
reach from 20-40%. In the study watershed, extraction and transportation of water from streams 
using donkey and pumps are costly, laborious and inefficient. Relatively the extraction of water 
using pumps was made irrespective of the need (demand). Even water is pumped to the plot and 
applied using furrow irrigation water application scheme which makes it the most inefficient. 
Researcher in the field suggested that efficient water extraction and transportation are some of the 
ways to enhance irrigable areas in the watershed. Farmers using water from the hand dug wells 
have relatively efficient way of transporting as the water is extracted with a relatively the required 
amount (Figure. 6.b).  
Using efficient irrigation method is another way of expanding the irrigable areas in the watershed. 
Those farmers that use diesel pump and traditional canal to convey water from the river are using 
flooding irrigation method to irrigate their field. This is very inefficient way of irrigation, which 
results in loss of water. Farmers using water from the hand dug wells have relatively better way of 
watering mechanism by applying water at the foot of the crop (Figure.6.b). This could also be 
improved to more efficient way, like drip irrigation, to conserve more water. 
4.2.2.3 Inefficiency in the application of water 
Besides to the means of extraction and transportation, the way water is applied to the field is the 
other important factor for efficient irrigation development. In the study watershed, flood irrigation 
is applied by farmers who used diesel pump to extract water from the river. Research findings in 
the area show that, in flood irrigation about 20-35% of the water is lost without serving its purpose 
of extraction and transportation. This implies, farmers do also loss their 20-35% of their time and 
labor in transporting and applying the water. Particularly, those farmers who use diesel pump and 
traditional canal to convey water from the river are using flooding irrigation method to irrigate 
their field. This is very inefficient way of irrigation, which results in considerably loss of water.  
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Efficient utilization of the water would not only make farmers to conserve water for their irrigation 
field but extra water could be stored and added into the river system. This has a couple of 
advantages; it maintains the ecosystem, which means, when water is applied efficiently, the 
reaming water in the source will flow to the river and balance the ecosystem function. This in turn 
saves the rivers from drying up in the critical dry periods of the year. Thus, the current irrigation 






Various national, basin and regional level research results show that, irrigation development in 
Ethiopia is far untapped compared to its huge potential (Awulachew et al., 2007). Particularly, the 
contribution of small-scale irrigation practice has paramount importance in ensuring food-security. 
However, irrespective of the importance, little is known about the challenges of this un taped 
option in addressing the sever food insecurity problem of the country. The literature review made 
on this topic confirmed that there is huge research gap in generating important information and 
knowledge about the potential and challenges of the small-scale irrigation in Lake Tana Sub-basin 
(LTSB). In fact, there exist very few studies conducted in the LTSB, among the existing studies, 
Wale (2009) has conducted a similar assessment but has considered limited determinate factors 
and focused only on the potentials, which makes the study very ideal. This is because, the 
theoretically potential landscapes may not be necessarily developable as there are interact socio-
economic challenges that limit the area to be used for small-scale irrigation. Other studies 
conducted by Sultan (2013 and Tesfaye (2014) have also studied irrigation potential in different 
parts of the country considering different irrigation water sources. Nonetheless, many of them 
understood the socio-economic limiting factors. The development of small-scale irrigation is 
highly constrained by several factors. Moreover, very minor challenges to implement a medium 
and large scale irrigation development are often found very difficult for small-scale irrigation 
scheme as the capacity of actors are different. That implies, unlike the medium and large scale 
irrigation schemes, challenges often faced in small-scale irrigations are addressed by only the 
individual households. Households in Ethiopia have limited capacity in many aspects. This study 
tried to integrate various determinant factors to assess the potential of small-scale irrigation 
development from a smallholders farmer point of view. Therefore, this study tried to consider very 
comprehensive factors to assess the potential and challenges of the smallholder farmers in the 
highlands of Ethiopia taking the Abagerima watershed located in the LTSBThe study was 
conducted taking lessons form similar studies such as MALCZEWSKI, 1999; HOI and 
MURAYAMA 2010; Mustafa, et al. 2011; Sultan, 2013; Tesfaye, 2014)  
The findings of the present study revealed that  only 2% of the watershed is currently irrigated. 
This figure resembles with the findings of Wale (2009). When compared to the highly suitability 
landscape it is insignificant assuming that the entire highly suitable land can be developed. In 
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Abagerima watershed, there is about 200ha of land that can be further developed. This implies, 
about 18% of the watershed that can potentially be irrigated is not yet exploited and need to be 
further developed. However the major challenges that hinder irrigation development in the 
watershed includes; land degradation, fragmentation and un-fair land distribution, ownership, limit 
in technology, and unfair water resources utilization. 
Based on the landscape potential, water availability and crop water requirement assessment, 
theoretically, the Abagerima watershed community can increase the currently irrigated area from 
2% to 20%. In fact it is very difficult at smallholder farmers level to do that as the hydrology of 
the area create a huge water availability imbalance over the year (Cherinet 1993). This implies, 
during the highest rainfall time, the irrigation water demand will become zero. Thus,  it can be 
only achieved by introducing better water resource utilization and exploring efficient water storing 
or harvesting techniques such as dam and ground water. This requires investment to  constructing 
dams and digging hand dug wells (deep or shallow) at the places where the identified landscapes 
were found potentially suitable for irrigation(Yilikal et al., 2015; Tadese et al., 2011). Besides, 
introducing small-scale water harvesting technologies to trap the rainy season surface runoff when 
it is appropriate, adopting better soil and water conservation works to improve ground water and 
dry season river flows are important conditions to enhance the food security of the household in 
the watershed. Soil and water conservation practices in other places of Ethiopia have raised the 
groundwater level significantly to explore the water resource using hand dug wells in Tigray region 
(Zeleke, 2014). Thus, such land management practices which, improve the groundwater recharge 
should be enhanced in the Abagerima watershed. Considering the amount of rainfall that the 
watershed receives (i.e. 1400mm/yr), there would be a considerable area that can be developed in 
the watershed. However, extreme land degradation in the watershed disrupts the hydrological 
system and water is available only for rainy season (June-December). As a result, the huge water 
resource potential of the watershed gradually declined. This was confirmed by field survey as it 
was observed that streams in the watershed dried up after December. According to the local people, 
in olden times, the river base flow extends up-to April. Unlike the previous situation, rivers dried 
up very quickly (even before December). Local people explain that the main reason for the 
continual decline of river base flow is land degradation, unplanned extraction of water with 
inefficient water use system. However, both ground water and rivers base flow can be improved 
through watershed development. Cognizant to this, over the last two-three years there are signs on 
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the improvement of the base flow associated with the integrated watershed management practices 
implemented since 2012 by Water and Land Resource Centre (WLRC). 
Besides to land degradation, institutional aspects are important challenges for small-scale 
irrigation development in the study area. According to Hailesilassie et al., 2016b, institutional 
factors have limited the development of small-scale irrigation in the country. This study has 
identified important institutional factors such as improperly structured tenure, land fragmentation 
and unequitable access to land negatively contributed for the unfair utilization of water and 
irrigation development in the watershed.  For instance, according to the socio-economic survey 
result, households who have land close to water courses are advantageous to practice irrigation 
than those located far from water sources. Besides to the location, fragmentation also contributed 
to the development of irrigation practices in the watershed. In order to further develop irrigation 
in the watershed, these challenges need to be addressed.  
In most of the cases of small holder Ethiopian farmers, access to land limit irrigation, which is 
linked to the location of a farm with respect to the water sources. As it is known, in Ethiopia the 
tenure system in the smallholders farmers has been continually adjusted (HAILESLASSIE et al., 
2016b). The land tenure adjustment resulted in unfair an unbalanced land possession with respect 
to its location with respect to water sources.. This is a result of the poor institutional framework 
that the  land distribution and tenure policy ignored the future irrigation development capacity of 
the farmers. Particularly, the existing policy on access to water and its utilization is very weak. In 
fact, the policy says, the owner of water is the community but when it comes to the development 
and utilization, the policy lacks depth and implementation strategy(HAILESLASSIE et al., 2016b). 
This is exactly observed in Abagerima watershed, where water is explored, extracted, and applied 
very traditionally with no governing rules. The rule of the game is the one nearby the water source 
has the privilege to use it. As well known, lack of or poor policy on water extraction and use 
hindered irrigation development and can be considered as a major limiting factor for sector. If 
irrigation development and its suitability need to be ensured, there should be governing rule with 
appropriate policy on water resources development and ownership on the utilization. 
The water resource development and water application in Abageriam watershed is very awkward. 
Except two deep wells, the exploration, excavation, construction and extraction of about 500 
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shallow wells in the watershed was made very traditionally. As observed in the field, farmers 
continually change wells sites after they excavate about 20-30 m depth of a well. Moreover, 
problems related to irrigation development include, among others; Shortage of input supply and 
quality problems, especially improved seeds, Shortage of cultivated land, Lower agricultural 
productivity due to depletion of soil fertility that resulted from severe soil erosion-both gully and 
sheet, Natural calamities related problems such as hailstorm, pest, worm, and rainfall irregularity, 
absence of modern marketing system. Limited experience and knowledge on storing and utilizing 
surface water, poor knowledge and experience on exploring, digging and transporting and using 
ground water resources efficiently. Limited knowledge and information on the hydrology of the 
ground water in selecting the appropriate site for the shallow wells and what rate of extraction is 
should be used, materials shortage for excavation (limited capacity to break rocks using traditional 
equipment) limited knowledge on the selection of crop varieties adequate skill on the 
transportation and application of water are other challenges to enhance irrigation in the watershed 
In general, there is a gap in practical training and capacity development for small scale irrigation 
development in the watershed. But the very unclear thing is that even the available agricultural 
service that is being provided by the government doesn’t include Chat production in the extension 
service. Farmers in the watershed develop shallow wells based on their traditional knowledge only. 
Lack of the required skill training for farmers on water resources development and utilization 
contributed for inefficient irrigation development, which in turn exposed the watershed for 
unnecessary water resources depletion. Provision of equipment facilities for demonstration (at 
least in the existing FTC sites) and introducing cooperative of improved rural credit packages such 
as saving and internal lending community group arrangement and providing  revolving fund for 
selected local development intervention can address many of the problems. The current available 
market for Chat production has encouraged farmers to grow Chat. The crop needs much water 
throughout the year, which takes both their labor and water resource. Chat is a perennial crop, if 
one of the system collapse, (eg market or failed by weather and disease effects) what farmers will 
do is an overlooked upcoming challenge. Thus, if market network for other crops is improved there 
will not be any reason for the farmers to grow other crops through irrigation. 
Realizing that Chat is a rewarding crop, majority of the farmers in the Abagerima watershed have 
allocated some portion of their land to grow Chat. Chat grows both using the normal rainfall and 
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needs supplementary water during the dry season. However, the limiting factor for farmers to grow 
Chat is availability of water. This can be easily observed by their effort to use every water resource 
to practice irrigation. Shortage of land, population growth, climatic change and the overall 
awareness created through the extension works of the government could be mentioned as the 
driving reasons for the high need to use irrigation in the watershed. In regard to the awareness 
creation, WLRC and LIVES have made tremendous effort to raise the awareness level of the 
community to enhance their livelihood through homestead development that integrates small scale 
irrigation practice. The common irrigation water sources are hand dug wells and river flow (Figure 
6 and7). 
Major opportunities of the watershed to practice irrigation among others; suitable agro-ecology; 
sufficient and long rainfall periods that allows to store water for dry periods; suitable landscape 
(flat and gently); farmers experience for irrigation; traditional hand dug well excavation skill; 
nearness to big markets such as Bahirdar and Gonder; accessibility to transport and sell high value 







6. CONCLUSION AND RECOMMENDATIONS 
6.1 Conclusions 
The present study showed that about 20% (around 200ha. land) of the study watershed is suitable 
for irrigation from landscape suitability perspective. The potential groundwater and dry season 
river flow is also found to satisfy the potential irrigation water requirement if properly explored 
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and used. However, at present only 2% is irrigated. This has strong implications for food and 
nutrition security. 
The challenges and opportunities for small scale irrigation development are identified. The existing 
traditional irrigation practice, farmers awareness, drought, technical support from the bilateral 
organizations such as LIVES, could be taken as a good opportunity for irrigation development. 
Whereas; the water resources distribution, landscape on the upper hill areas, limited dry season 
flow, farmers capacity to identify potential sites and dig deeper wells are considered as challenges 
for the irrigation development.  
For this to be sustainably used soil and water conservation to recharge the ground water and also 
minimize evaporation loss through different agronomic practices has to be engaged. For many 
farmers the hurdle is also having access to reliable supply of water. It reflects issues of lack of 
well-organized action on common property resources. 
6.2 Recommendations 
The following suggestions are drawn based on the findings of the study.  
• Challenges to boost irrigation such as road, access to water, transportation of framers 
produces need to be addressed. 
• The existing massive soil and water conservation works need to be maintained and 
improved  to keep the soil fertility and recharge the groundwater continually. 
• Water utilization efficiency should be improved through creation of awareness, particularly 
on the introduction and use of better water conveyance and application technologies. 
• At present, farmers are focusing only on chat, which is good for market but it takes too 
much water for the whole dry periods of the year. Thus, other crop types such as onion, 
papaya, mango etc, that needs less water and economically grow through the available 
irrigation water should be further identified and introduced. 
• The water resource potential was estimated using secondary data and research findings 
around the area. But, detail measurement of surface and groundwater potential of the 
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ANNEX : QUESTIONNAIRE 
A. Questionnaire for General Information of the Watershed: 
1. Interviewer:  _____________Date of interview_____________ 
1.1) Respondent name_______________________________  
1.2) Sex:            1) Male                                       2) Female  
1.3) Age_______years 
1.4) Marital status:  1) Single             2) Married                  3) Divorced (separated)   
 4) Widow                     
1.5) Strata      1.Up watershed             2.Middle watershed           3. Down watershed   
1.6) Distance to woredamarket______km Distance to Keeble market_____km 
1.7) Social position in the Keeble 
      1) Member of Keeblecouncil             2) Religious leader  
      3) None             4) others, specify____________________ 
1.8) Education level_________grade 
1.9)  Religious 1.Orthodox          2.Muslim                 3.Protestant                   4. Other 
specify____________________ 
 
2. Household Characteristics  
1. Household family members' information  
Sex  Male__________ (No),     Female____________ (No)  
Age    0-15yr_________ (No),   16-64yr__________ (No), Greater than 64 ________ (No)   
Education  0 grade______ (No), 1-4______ (No),       5-8_________ (No),      9-12_____ (No),  
Diploma graduate____ (No),   B.Sc degree________ (No),   Above________ (No) 
 
2. Development Agents’s name-----------------------, Sex-------  
Zone-------------------------------------------, Woreda-------------------------------------------      
Keble------------------------, village---------------------- 
3. Kebele Information: 
• Elevation ___________________, Soil Type: ___________________________________ 




• Number of irrigation beneficiary farmers in the watershed_________________________ 
• Number of Males: _____________________Number of 
Females:_______________________ 
• Percentage of Total Community to be Included in 
watershed:___________________________ 
• Average Size of Household IrrigatedPlot:______________ (hectares) 
• Total Irrigated Area in the watershed_________________(hectares) 
 
4. What are the major constraints and opportunities of the water source for irrigation 
Kebele name  
 




    
    
 
5. Irrigated crop production  




Total production  Remark  
 
     
     
 
6. Livestock population that uses the irrigation scheme as a primary water source. 
Type of livestock  
 
Quantity per household  Remark  
   








B. Household Level Socio Economic Survey Questionnaire: 
1. Did the household 
consent to the interview?   
(1= Yes , 2=No) 
2. If YES, record the date of interview and starting time and proceed 
with the interview. Date (DD/MM/YYYY): -------------/-------------
/--------- 
Time interview started (HH:MM): ----------------------------- 
3. If NO, why?  
If the household is not willing to be interviewed, pick one of the reserves and administer another 
interview.   
 
Interviewer Name: (surname-name) Supervisor Name: surname-name) 
 
Zone  Woreda  
Intervention PA  PA Code  
Selected farmer  Type of crop(s) 1. Onion            2. Tomato 
3. Capsicum     4. Avocado 
5. Mango           6. Banana 
7. Other (specify) 
 
1. Background information 
1.1 Name of respondent  1.2 Sex: |__|1=Male  2= Female 
1.3 Name of the HHH (if 
different) 
 1.4 Sex: |__|1=Male  2= Female 
1.5 Relationship of the respondent to the HHH (if different):   |___|1=spouse 2=child 3=other relative 
Age 1.6 Respondent: |_______| 1.7   HHH: |______| 
Education level:  1.8 Respondent: |___| 1.9   HHH: |___| 
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 0=non  1= primary 2=secondary 3=post-
secondary 
0=non  1= primary 2=secondary 3=post-
secondary 
Marital Status: 1.10 Respondent:  |___| 
1= married/single spouse 2= 




1.11 HHH:  |___| 
1= married/single spouse 2= 





2. Household composition 
S.No.  Family particulars  Total  Male  Female  
2.1 Total Family size    
2.2 Age less than 7 years     
2.3 Age 7 – 14 years     
2.4 Age 15 – 64 years     
2.5 Age greater than 64 years     
2.6 Age 15 – 64 years but unable to work due to 
health problems  
   
 
3. Land ownership and use particulars  
S.No. Land use particulars  In timad In hectare  Irrigated Rain fed 
3.1 Total land owned     
3.2 Leased-in land     
3.3 Leased-out land      
3.4 Land covered by annual crops      
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3.5 Land covered by perennial crops      
3.6 Land covered by vegetable crops     
3.7 Land covered by fruit crops     
3.8 Land allocated for grazing      
3.9 Land allocated for irrigated fodder     
3.10 Others     
 
4. Irrigation potential of Abagerima watershed 
4.1 Do you irrigate 








1 Vegetables     
2 Onion     
3 Carrot      
4 Others ( specify)     
5      
6 Fruits     
7 Manago     
8 banana     
9 Cereals/staple food crops     
10 maize     
11 wheat     








4.2 Do you have irrigable land?  Yes; No 
4.3 If no why?  
S.No. Reasons for not irrigating Levels of limitations 
1 Access to suitable land  No (1) Low ( 2) Medium (3) High ( 4) 
2 Access to surface  water     
3 Access to ground  water     
4 Initial investment for water withdrawal     
5 Irrigation extension services     
6 Skills and knowhow     
7 Access to input market     
8 Access to output market     
9 Other specify     
 
5. What is the source of water for irrigation?  
S.No. Water sources Levels of use 




Fully dependent  ( 
4) 
2 Springs     
3 Shallow ground water     
4 Farm water harvesting structure     
5 Community water harvesting structure     
6 Other ( specify)     
 
6. Level of water shortage during pick irrigation season?   
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No (1) Low ( 2) Medium (3) High ( 4) 
 
 
7. Reasons for irrigation waters shortage  
S.No. Reasons for irrigation water shortage Level of contribution to the problem 
1 Naturally available water is small and less 
efforts to capture run off and exploit ground 
water resources 
No (1) Low ( 2) Medium (3) High ( 4) 
2 Low level of water harvesting     
3 Over application by some farmers     
4 Water losses during delivery     
5 Un fair distribution     
6 No institution to support improved 
management  
    
 Other specify     
 
8. Trend in irrigation practices 
S.No. Reasons for irrigation water shortage Reasons for decreasing  or increasing 
Increasing* Increasing* Decreasing** Decreasing** 
2 Low level of water harvesting     
3 Over application by some farmers     
4 Water losses during delivery     
5 Un fair distribution     
6 No institution to support improved 
management  
    
 Other specify     
*please list out reasons here ( 1) available water; improved access to land; 3) better market; 4) 
improved extension service and number them so that you use the number in answering  
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** please list reasons why it is decreasing and give farmers a choice 
 
9. How many farmers share water from the same source? 
    (1) <15         (2) 15-45           (3) 45-75       (4) 75-100      (5) >100   
 
10. How do you decide if your land is suitable for irrigation or not 
 
S.No. Factors to consider in deciding land 
for irrigation 









2 soil     
3 slope     
4 Land use history     
5 Availability of water     
6 Please identify appropriate factor and 
list them 
    
 
 
11. What are the methods of irrigation you use?  
  1. Furrow     2. Flood       3.Drip       4. Sprinkler       5.Watering can 
12. . Do you face shortage of irrigation water?   Yes;    No  
13.  If yes when /month and year/ ; do you know the reason of shortage of irrigation water. 
14. How many times do you produce in a year? 
i. Before the start of the irrigation scheme_________________ 
ii. After the start of the irrigation scheme________________ 
 
15. How much of the following do you produce per hectare per season using irrigation? 
Before the watershed treatment  After the watershed treatment 
Crop type Amount (Qt)/ha Price/Qt Crop type Amount (Qt) Price/Qt 
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16. What are the factors affecting to use irrigation?  
     1. Market inaccessibility     2. infrastructure problem            3. topography of the land         
      4. water shortage          5. Others specify    
17. What is basis of your irrigation interval?  
  1. Crop need       2. Availability of water      3. Commanded by committee          4. All 
18. Do you have fixed irrigation interval?   1. Yes          2.  No 
19. If no, how do you follow changes of your irrigation interval? 
 1.  Temperature change      2.  Crop growth      3.Water supply         4. All 
20. How do you know you have applied enough water? 
 1. I don't know   2. Fast absorption   3.Stagnation of water    4. Observing the plant situation  
21. Does the irrigation scheme give you the chance to produce new crops that you have never 
planted before? Yes/No 
22.  (If yes) what kinds of crops?  
23. Any other comments ---------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------- 
 
 
Thank You 
